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Foreword 


Advances in the management of osteoporosis in the last two to three decades 
have exceeded that of most other chronic diseases of aging, yet suboptimal 
rates of treatment are widely reported. These arise partly from underrecogni- 
tion of osteoporosis as a disease but also from concerns about the safety of 
treatment and the related issue of for how long treatment should be given. 
Rare but serious side effects such as atypical femoral fractures and osteone- 
crosis of the jaw have received much attention in the media and have made 
many patients and their doctors reluctant to embark on or continue therapy. In 
addition, the evidence base on which to develop advice about duration of 
therapy is incomplete. Despite these difficulties, however, there is consensus 
in the field that when appropriately targeted, the benefits of treatment out- 
weigh the risks. In addition, there is increasing agreement that after 3-5 years 
treatment with the most commonly used intervention, bisphosphonate ther- 
apy, it may be possible to stop treatment for a limited period of time in some 
people, although in those at high risk of fracture, long-term continuous ther- 
apy is often required. 

In their book “The Safety and Duration of Osteoporosis Treatment,” Stuart 
Silverman and Bo Abrahamsen address these difficult and critical issues 
against a background of the epidemiology and pathophysiology of osteoporo- 
sis, approaches to the assessment of fracture risk, and the efficacy and safety 
of pharmacological interventions to reduce fracture risk. Detailed coverage is 
given to the epidemiology, diagnosis, clinical presentation, and management 
of atypical femoral fractures and osteonecrosis of the jaw. The controversial 
topic of treatment failure is discussed, and approaches to improving adher- 
ence to therapy are considered. Potential nonskeletal benefits of treatments 
and effects of therapy on fracture healing are included and regulatory per- 
spectives are covered. The closing chapter of the book presents an integrated 
approach to the long-term management of osteoporosis in the light of what is 
known about efficacy and safety of existing interventions. 

This book, edited and written by leading experts in the field, provides a 
welcome update on some of the most topical but challenging issues in the 
management of osteoporosis. While many gaps in knowledge remain, there 
have also been advances that allow more accurate assessment of the balance 
of risk and benefit in individual patients. For healthcare professionals involved 
in the care of osteoporosis, this book offers a balanced perspective that will 
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Foreword 


aid decision making about when to start treatment, how long to continue it, 
and how to ensure that patients understand the safety issues involved. It also 
provides a glimpse of the future, with treatment individualized according to 
the specific disease characteristics and preferences of the patient to achieve 
optimal efficacy, safety, and adherence. 

Cambridge Biomedical Campus Juliet Compston, MBBS, MD, 

Addenbrooke’s Hospital FRCP, FRCPath, FMedSci 

Cambridge, UK 



Preface 


In the past three decades, clinicians treating osteoporosis have seen the dis- 
ease change from being a debilitating chronic disease with few treatment 
options and little chance of real improvement. However, with the introduction 
of the bisphosphonates and later the SERMs, parathyroid hormone-based 
anabolics, and more recently the biologicals, our viewpoint has changed 
enormously. Unlike other chronic diseases such as hypertension or asthma 
where we try to stabilize the condition, in osteoporosis we have the promise 
of improving skeletal health, increasing bone mineral density, and reducing 
risk of fracture. However, how much do we really know about the long-term 
management of osteoporosis in the current era of potent antiresorptive and 
anabolic medications? The mainstay of osteoporosis treatment remains the 
affordable bisphosphonates. However, from the initial introduction of 
bisphosphonates, the first antiresorptive drugs, there was the nagging doubt 
that they were almost too good to be true. Surely we will have developed 
bone remodeling for a reason. For how long can we safely put a dampener on 
bone resorption without some cost in the form of accumulation of old bone 
tissue of potentially poorer strength and increased brittleness? 

Patients, clinicians, specialty societies, and health authorities are legiti- 
mately concerned about side effects of osteoporosis medications, both short 
and long term. Though still rare, atypical femur fractures and osteonecrosis 
of the jaw are legitimate concerns and the time has certainly come to collect 
the scientific information on the safety and duration of osteoporosis therapies 
that is currently available and to digest and interpret it. 

As Editors we asked top scientists and clinicians in the bone field to review 
and update the reader on the pathophysiology of osteoporosis and the prin- 
ciples behind our present and future drugs for osteoporosis, both antiresorp- 
tive and anabolic. This book contains a comprehensive compendium of 
short- and long-term adverse events that have been suspected or demonstrated 
for osteoporosis drugs. We asked for chapters covering prediction of fracture 
risk, monitoring of response to treatment, and identification of treatment fail- 
ure. The practical management of drug holidays and tools for improving 
adherence are comprehensively dealt with in the subsequent chapters. 

We hope this book will give clinicians a practical compendium of evi- 
dence that will allow them to continue to make the best informed decisions 
together with their patients about important decisions including when to 
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modify, stop, or reinitiate osteoporosis treatment. The book is also intended 
to facilitate the work of health planners and regulatory authorities and help 
researchers and funding bodies set the future research agenda for manage- 
ment of osteoporosis. 


Los Angeles, CA, USA 
Odense, Denmark 


Stuart L. Silverman, MD, FACP, FACR 
Bo Abrahamsen, MD, PhD 
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Osteoporosis: Pathophysiology 
and Epidemiology 
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Rebecca J. Moon, Cyrus Cooper, 
and Nicholas C. Harvey 


Summary 

• Osteoporosis is a common skeletal disorder 
resulting in increased bone fragility. 

• The operational definition of osteoporosis is 
based on a measurement of bone mineral den- 
sity (BMD), but changes in bone geometry 
and bone microarchitecture also contribute to 
fracture risk. 

• Recent work has indicated an important role 
for bone micro- and nanostructure, with crack 
propagation observable through shearing of 
collagen fibrils and disruption of non- 
collagenous proteins. 

• Osteoporotic fracture contributes significantly 
to functional decline, increased morbidity and 
mortality, and increased healthcare spending. 

• The epidemiology of osteoporotic fractures 
reflects factors contributing to both reduced 
bone strength and increased propensity to 
falls. As such, the risk of fragility fracture 
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increases with age and is greater in women 
than men. Ethnicity, body habitus, genetic 
factors, and geographic location also influ- 
ence an individual’s risk. 

• Over recent years, in much of the developed 
world, there has been a plateau or even 
decrease in age- and sex- specific hip fracture 
rates; in contrast, many developing nations 
are experiencing inexorable rises in such 
adjusted incidence rates. Across the board, 
populations are aging, increasing the burden 
of those at risk of fragility fracture. 


Definition 

Osteoporosis is a skeletal disorder characterized 
by low bone mass and microarchitectural deterio- 
ration of bone tissue, resulting in increased bone 
fragility [1]. The World Health Organization 
(WHO) suggests that the operational definition of 
osteoporosis should be a reduction in bone mineral 
density (BMD) to more than 2.5 standard devia- 
tions below the young (20-29 years) female adult 
mean (T-score<-2.5) measured at the femoral 
neck by dual-energy X-ray absorptiometry (DXA). 
A T-score between -1 and -2.5 SDS is classified 
as osteopenia. The major clinical consequence of 
osteoporosis is fracture. However, it is important 
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to recognize that BMD is only one of many factors 
which determine susceptibility to fracture and 
many individuals who do sustain a fracture in later 
life will have a BMD within the osteopenic or nor- 
mal range [2]. Therefore, as discussed in detail in 
Chap. 4, BMD is increasingly regarded as a risk 
factor for fracture and together with other clinical 
determinants is used in the generation of individu- 
alized absolute fracture probabilities, for example, 
using the online FRAX® calculator. 


Pathophysiology of Osteoporotic 
Fractures 

Anatomy of Bone from Organ 
to Molecule 

A fracture will occur when the applied force 
exceeds bone strength. Theoretically, in order to 
have maximum strength, a bone needs to be stiff 
to resist deformation, yet flexible enough to 
absorb any excess energy transmitted through the 
bone. This is achieved through the composite 
nature of bone, comprising both mineral and col- 
lagen type I extracellular matrix (osteoid). Thus, 
individual collagen molecules (a triple-helical 
structure) weave together to form fibrils which 
form the basis of cortical osteons and trabecular 
structures. Collagen fibrils are held together by 
non-collagenous proteins, acting to prevent 
shearing of fibrils. The collagen foundation of 
bone structure allows a degree of flexibility in 
response to torsion; calcium hydroxyapatite crys- 
tals, which deposit on the collagen structure, add 
strength, particularly to compression forces. 
Figure 1 . 1 shows this structure as viewed through 
an electron microscope and demonstrates the 
effect of microdamage at the level of collagen 
fibers [3]. 

In cortical bone, fibers are arranged longitudi- 
nally, and new bone is formed around Haversian 
canals, which contain the nutrient blood supply 
and nerve; concentric layers of bone are laid 
down, yielding cylinders of bone, known as 
osteons, which are consolidated together by 
cement lines. These canals are observed in histo- 
morphometric examinations and on images 



Fig. 1.1 Electron micrograph of damaged trabecula. A 
microcrack is present. Fibrillar structures can be observed 
spanning the crack as fibrils have been pulled apart from 
each other. From Thumer P., et al. Engineering Fracture 
Mechanics 2007 [3]. Reprinted with permission from 
Elsevier 

obtained from microCT as cortical pores. Their 
size and number tend to increase with age [4]. 
The basic structure of trabecular bone, at younger 
ages, resembles a robust scaffolding, with rods 
and plates of bone interconnected, around a cen- 
tral repository of marrow tissue. With age, tra- 
beculae tend to thin; a reduction in number and 
size appears to differ by sex [4]. The combination 
of the honeycomb trabecular scaffolding with the 
surrounding dense cortical envelope allows resis- 
tance to bending forces, conferred by the cortical 
bone, and also to compressive forces, contributed 
by the trabecular bone, while maintaining light- 
ness and so facilitating locomotion. 

Natural History of Bone Structure 
across the Lifecourse 

Bone Mass 

Bone mineral serves to strengthen the extracellu- 
lar matrix, increasing bone stiffness and resis- 
tance to compression. BMD is measured as the 
grams of mineral per unit area or volume. Bone 
mass, a composite of bone mineral content (BMC) 
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and bone size, increases throughout childhood 
and adolescence to peak in young adulthood 
(around the end of the second/start of the third 
decade of life), before a subsequent decline in 
later life due to bone loss. This bone loss acceler- 
ates further after the female menopause. Risk of 
osteoporosis is therefore determined by both the 
peak bone mass (PBM) achieved and the rate of 
bone loss. Attainment of a higher PBM is influ- 
enced by nutrition, physical activity, and mechan- 
ical loading during growth in addition to genetic 
variability, and mathematical modeling has sug- 
gested that a 10 % higher PBM will delay the 
onset of osteoporosis by 13 years [5]. 

Bone Size and Geometry 

Macroscopically, the geometric properties of a 
bone are important. In addition to strength, the 
skeleton needs to be light to enable locomotion. 
The bending strength of a tubular structure is 
determined by the fourth power of its radius, and, 
as such, the periosteal circumference of a long 
bone has been demonstrated to predict up to 55 % 
of the variation in strength [6]. The balance 
between strength and weight of a bone is achieved 
through remodeling to increase the periosteal cir- 
cumference while simultaneously increasing the 
area of the marrow cavity, resulting in a smaller 
cortical thickness for the same material weight. A 
thicker cortex also confers greater strength, 
although to a lesser extent than total cross- 
sectional area (CSA) of a bone. Males typically 
have a larger bone CSA than females, which 
partly results from the later pubertal growth spurt 
and hence completion of linear growth in boys 
[7]. This therefore confers greater bone strength 
in males compared to females. A reduction in 
cortical thickness occurs following the meno- 
pause, whereas a similar phenomenon is not 
observed in males [4], which further contributes 
to the failure load discrepancy between males 
and females in later life. Furthermore, the macro- 
scopic shape of a bone is also adapted to the 
direction of normal physiological forces which it 
experiences. As such, the direction at which an 
impact force is applied to a bone will determine 
the likelihood of fracture; for example, a fall 
sideways rather than forwards is more likely to 


lead to a hip fracture as the direction of trauma 
is different to that experience from normal 
weight-bearing forces. 

Bone Microarchitecture 

Bone microarchitecture describes the structure of 
the cortical and trabecular compartments and can 
be assessed invasively by histomorphometric 
examination of bone biopsies or noninvasively 
using high-resolution peripheral quantitative 
computed tomography (HR-pQCT). Within the 
trabecular compartment, greater trabecular num- 
ber confers higher resistance to compressive 
forces. Trabecular thickness is also an important 
determinant of deformation. While both trabecu- 
lar number and trabecular thickness are impor- 
tant determinants of fracture risk, bone loss 
through trabecular number confers greater struc- 
tural compromise than bone loss through trabec- 
ular thinning [7, 8]. Interconnections between 
individual trabeculae are important to maintain- 
ing the overall structure of the compartment. 
Greater trabecular separation compromises the 
integrity and strength of the bone. Sex differ- 
ences are observed in trabecular arrangement 
which additionally contribute to the greater frac- 
ture risk in women: young women have fewer 
and thinner trabeculae with higher trabecular 
separation than young men [4, 9]. With aging, 
there is greater reduction in trabecular number in 
women than men [4, 9]. 

The outer cortex provides a dense outer shell, 
but increasing porosity and “trabecularization” 
reduce bone strength. At PBM, females have 
lower cortical porosity than males; however, this 
is offset by the greater CSA and cortical thick- 
ness in the males, such that strength is not com- 
promised [4]. However, porosity increases with 
aging in both sexes, and this occurs at a faster rate 
in women than men, such that at age 80 years, 
cortical porosity is greater in women [4, 10]. 

Bone Nanoarchitecture 

The importance of the collagen matrix (compris- 
ing 90 % of bone tissue) to the mechanical prop- 
erties of bone is clearly demonstrated by the 
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increased bone fragility observed in patients with 
osteogenesis imperfecta. This heterogeneous 
group of diseases illustrates that either qualitative 
or quantitative reductions in collagen production 
can lead to increased propensity to fracture. 
Collagen provides scaffolding on which the min- 
eral can be deposited. The natural history of the 
collagen content of bone mirrors the pattern 
observed with bone mass: it reaches a peak in 
adolescence, with reduction thereafter [11]. 
Furthermore, cross-linkage of collagen fibrils by 
non-collagenous proteins confers greater tensile 
strength, and a reduction in the number of cross- 
links observed in osteoporotic bone may contrib- 
ute to increased propensity to fracture [11]. In 
contrast, the presence of advanced glycation end 
products (AGE) within the bone matrix and 
cross-linked with collagen, which occurs as a 
result of high ambient glucose concentrations as 
seen in poorly controlled diabetes mellitus (DM), 
reduces the mechanical strength of bone and 
might account for the increased fracture risk of 
individuals with DM [11]. The crystallinity of the 
bone mineral within the matrix also contributes 
to bone strength; bones containing large hydroxy- 
apatite crystals are more brittle and therefore 
more prone to fracture, whereas a greater hetero- 
geneity in crystal size improves bone strength 
[12] and resistance to crack propagation. 

Cellular Basis of Bone Metabolism 

At the cellular level, there are three main types of 
bone cells: osteoblasts, osteocytes, and osteo- 
clasts. In simple terms, osteoblasts are responsible 
for bone formation and may become embedded 
within bone mineral as mature osteocytes or 
remain on the surface of the bone as bone-lining 
cells. In contrast, multinucleated osteoclasts 
resorb bone. Osteoblasts and osteoclasts act in a 
coordinated fashion at specific sites on the surface 
of trabecular or cortical bone, forming “bone mul- 
ticellular units” (Fig. 1.2). 

After new osteoid collagen matrix is laid down 
by osteoblasts, crystals of calcium hydroxyapa- 
tite form on the collagen fibrils, thus achieving 
mineralization of the bone tissue over succeeding 


weeks and months. Modeling is defined as the 
process by which bone mass is acquired during 
growth, repair, and adaptation to mechanical 
loading. In contrast, remodeling involves a cycle 
of resorption and formation of existing bone. 
Thus the balance between bone formation and 
resorption has a critical influence on overall bone 
mass and strength. During growth, formation 
clearly exceeds resorption, and after the achieve- 
ment of PBM, the two opposing forces are in 
relative balance. However, as age increases into 
later adulthood, resorption begins to outstrip for- 
mation, and often the remodeling rate increases, 
reducing the opportunity for resorption cavities 
to be filled with new osteoid and for them to 
undergo a secondary mineralization. Over recent 
years, it has been recognized that osteocytes, 
which comprise 90-95 % of the cells within 
bone, play a key role in the regulation of these 
processes. The arrangement of the osteocytes 
within the lacunocanalicular system acts as a 
mechanosensory system and allows communica- 
tion both directly and through the release of 
endocrine, paracrine, and autocrine signaling 
molecules to the other bone cells. There are a 
number of pathways which are important to the 
regulation of osteoblast and osteoclast activity. 
These are becoming increasingly recognized as 
targets for anti-osteoporosis agents. 

Molecular Mechanisms 

Osteoblasts are the primary source of receptor 
activator of nuclear factor kB ligand (RANK-L), 
which binds to RANK on osteoprogenitor cells, 
stimulating the differentiation of osteoclasts 
and activating bone resorption [13, 14]. The 
production of RANK-L by osteoblasts is 
increased in response to disuse, estrogen defi- 
ciency, and some medications including gluco- 
corticoids and chemotherapeutic agents [15]. 
The activity of RANK-L is antagonized by 
osteoprotegerin (OPG), which competitively 
binds to RANK. This prevents the binding of 
RANK-L to RANK, and therefore the balance 
of OPG and RANK-L will determine the extent 
of bone resorption. 
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Fig. 1.2 The bone multicellular unit. The bone remodel- 
ing unit consists of osteoblasts, osteocytes, and osteo- 
clasts, which operate in a coordinated fashion through the 
release of stimulatory and inhibitory cytokines. Receptor 
activator of nuclear factor kB ligand (RANK-L) is 
released from osteoblasts and osteocytes and stimulates 
the differentiation and activity of osteoclasts to resorb 


bone. RANK-L can be antagonized by osteoprotegerin 
(OPG). Osteoblast differentiation is stimulated by Wnt 
signaling from osteoclasts, while sclerostin (SOST) and 
Dickkopf-1 (DKK1) production by osteocytes competi- 
tively antagonizes Wnt binding to LRP5 and LRP6 recep- 
tors on the osteoblast to reduce bone formation 


The Wnt signalingpathway has a key role in 
osteoblast differentiation, proliferation, and bone 
mineralization. The activation of this pathway in 
osteoblasts occurs through the binding of Wnt to 
a membrane receptor complex comprising 
Frizzled (Fzd) and either low-density lipoprotein- 
related protein 5 (LRP5) or 6 (LRP6). This leads 
to cytoplasmic accumulation of P-catenin, which 
can subsequently increase osteoblast differentia- 
tion. There is simultaneous repression of osteo- 
clast function through increased secretion of 
OPG by osteoblast and osteocytes in response to 
Wnt signaling. However, in remodeling, osteo- 
clasts appear to release Wnt ligands to stimulate 
local differentiation of osteoblasts [16]. The 
importance of this pathway to bone mineralization 
is demonstrated clinically by the osteoporosis- 
pseudoglioma syndrome, which results from loss 
of function mutations in LRP5. Conversely, gain- 
of-function mutations in LRP5 can result in a 
high bone mass phenotype [16]. Osteocytes regu- 
late osteoblast differentiation through secretion 
of sclerostin (SOST), an antagonist of Wnt sig- 


naling which competitively binds to LRP5/6. 
Thus, lack of sclerostin also results in high 
bone mass, as observed in van Buchem disease 
and sclerosteosis [16]. Furthermore, osteocytes 
also express Dickkopf-1 (DKK1), but to a lesser 
extent than sclerostin. DKK1 also antagonizes 
Wnt signaling and thus reduces bone mineraliza- 
tion. No single gene defects in DKK1 associated 
with alterations in bone mass have been identi- 
fied, but single nucleotide polymorphism 
(SNP) in DKK1, in addition to other genes in the 
Wnt signaling pathway, has been associated 
with BMD in genome-wide association studies 
(GWAS) [17]. 

Factors Influencing Bone Structural 
Properties 

Mechanical Loading 

Frost’s mechanostat theory recognizes that bone 
has a homeostatic mechanism which enables 
BMD and geometric properties of the bone to 
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change in response to mechanical loading or 
strains [18]. The mechanism through which 
mechanotransduction of strains to a biological 
signal occurs is poorly understood, but is likely 
to involve the osteocyte. Nonetheless, the impor- 
tance of mechanical loading is clearly demon- 
strated by deterioration in BMD in astronauts 
experiencing a period of weightlessness [19] and 
by the positive effects of exercise. Prior to the 
attainment of PBM, loading increases BMC and 
CSA [20]. These changes will confer greater 
bone strength and may be less marked at older 
ages. In the adult skeleton, mechanical loading is 
important for conservation of bone mass, and a 
recent Cochrane review concluded that exercise 
can reduce bone loss in postmenopausal women, 
although the effect size is relatively small [21]. 
Obese adults tend to have higher BMD than nor- 
mal weight controls (although not necessarily 
optimally adapted for their weight), and it is 
likely that this is due to mechanical loading and a 
concomitant increase in lean mass, in addition to 
hormonal influences. 

Hormonal Factors 

Sex Steroids 

Sex steroids are necessary for both linear growth 
during puberty and maintenance of BMD after 
PBM. Estrogens are essential for the pubertal 
growth spurt and closure of the epiphyses in both 
males and females, whereas the role of androgens 
in these processes is less clear. Androgens, in 
addition to estrogens, are however important for 
periosteal apposition which increases bone width 
during the pubertal growth spurt. After puberty, 
sex steroid concentrations affect the rate of 
bone remodeling, and hypogonadism results in 
increased osteoclast number and function [22]. 
Clinically, this is evident in patients with estro- 
gen receptor deficiency and aromatase deficiency, 
which are monogenic disorders associated with 
early onset osteoporosis. Furthermore, the impor- 
tance of estrogen to BMD is also indicated by the 
rapid increase in the incidence of fragility frac- 
tures after the menopause. Early estrogen defi- 
ciency in women particularly affects bones 
with high trabecular content, including vertebral 


bodies and the distal radius, and appears to result 
in a disproportionate loss of connectivity between 
trabeculae leading to compromised bone strength 
[7]. A further phase of bone loss in later years 
affecting both men and women also appears to 
affect cortical sites, with an increase in cortical 
porosity and reduction in cortical thickness. 

Parathyroid Hormone and Phosphate 
Metabolism 

Bone mineral acts as a reservoir for maintenance 
of serum calcium; its release into the serum to 
achieve normocalcemia is tightly regulated by 
parathyroid hormone (PTH) in combination with 
vitamin D, calcitonin, and fibroblast growth fac- 
tor-23 (FGF-23). However, PTH has varied 
effects on bone metabolism: chronic elevations in 
PTH, as occurs in primary hyperparathyroidism, 
can result in mild reductions in BMD. Conversely, 
intermittent administration of low-dose PTH has 
anabolic effects on the skeleton [23]. This effect 
has been utilized in the development of PTH ana- 
logues for osteoporosis treatment and will be 
covered in more detail in Chap. 3. 

Adipokines 

There is also increasing recognition of the inter- 
action between adipose tissue and bone mineral- 
ization, mediated through adipokines and 
osteocalcin. Feptin is an adipocyte-derived hor- 
mone, with key roles in regulation of appetite and 
body weight. However, ob/ob leptin-deficient 
mice have high bone mass despite hypogonad- 
ism. Furthermore, intracerebroventricular infu- 
sion of leptin reverses this high bone mass 
phenotype in ob/ob mice and in wild-type mice 
induces bone loss [22], demonstrating that leptin 
can influence bone metabolism. Feptin inhibits 
osteoblast differentiation and function via a cen- 
tral pathway mediated through hypothalamic 
activation of the sympathetic nervous system, 
which can stimulate p2 receptors on osteoblasts. 
While this reduces osteoblastic bone formation, it 
also increases the release of RANK-F from 
osteoblasts leading to increased osteoclast activ- 
ity. In vitro, leptin has also been shown to directly 
increase osteoblast differentiation from human 
bone marrow stromal cells [24]. Adiponectin is 
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also secreted by adipose tissue, but inversely to 
fat mass, and therefore levels are low in obesity. 
Adiponectin also has an effect on bone remodel- 
ing. The exact mechanisms of this action are 
unclear, and the balance toward formation or 
resorption may be dependent on the presence or 
absence of other factors, such as insulin and the 
source of adiponectin, but the adiponectin recep- 
tor has been identified on both osteoblasts and 
osteoclasts [25]. 


Epidemiology of Osteoporosis 

Prevalence and Burden 
of Osteoporotic Fractures 

In 2010, it was estimated that there were over 5.5 
million men and 22 million women with osteopo- 
rosis living within the European Union (EU), 
representing 6.6 % and 22.1 % of the population 
over 50 years of age, respectively [26]. 
Worldwide, there are nearly 9 million osteopo- 
rotic fractures each year. In the EU, the estimated 
annual direct cost of 3.5 million fragility frac- 
tures in 2010 was approximately €24 billion; 
however, the total economic cost of osteoporosis 
management, including pharmacological fracture 
prevention and long-term fracture care, was esti- 
mated at €37 billion per year [26]. Although his- 
torically it was thought that the vast majority of 
this burden could be attributed to hip fracture, 
more recent data have suggested that just over 
half (54 %) of the economic cost of fracture is 
secondary to hip fractures, with non-hip, non- 
wrist, and non- spine fractures accounting for 39 
%, and the remaining 7 % attributable to spine (5 
%) and wrist (2 %) [26]. 

In addition to the economic healthcare costs, 
osteoporotic fractures lead to a significant indi- 
vidual burden. Excess mortality is a major conse- 
quence of fragility fracture, although this varies 
depending on fracture site and, although highest 
for hip fracture, has been shown to be elevated 
for most types of major fracture [27]. There is a 
five- to eightfold increase in mortality in the first 
3 months following a hip fracture, and this is 
greater in men than women [28]. The excess risk 


does decrease with time, although by 10 years 
postfracture, it has not returned to baseline [28, 
29]. Perioperative complications, including car- 
diovascular events, pulmonary embolism, and 
respiratory infections, will contribute to the 
increased short-term mortality [30], but the exact 
cause for the sustained increase in mortality is 
unclear. Data relating to the presence of prefrac- 
ture comorbidities and morality rates are conflict- 
ing [29, 31]; however, postfracture frailty is likely 
to be a significant contributor. Furthermore, indi- 
viduals who sustain one hip fracture are at higher 
risk of a second fracture [32, 33], and a second 
fracture further elevates the 5 -year mortality risk 
[32]. Vertebral fractures are also associated with 
excess mortality, despite many vertebral fractures 
not being clinically recognized. Similarly to hip 
fractures, this increased risk persists for at least 5 
years, although the direct fracture-related deaths 
are fewer. Although earlier data suggested that 
forearm fractures may not be associated with 
increased mortality [34], more recent data sug- 
gest that all major osteoporotic fractures are 
linked to reduced survival [27]. 

Functional decline is common following an 
osteoporotic fracture; similar to mortality rates, 
this is greatest for those that sustain a hip frac- 
ture, in whom only approximately two-fifths will 
regain their prefracture ambulatory ability at 2 
years [35], and rates of admission to nursing 
homes in individuals following a hip fracture 
exceed that of non-fracturing age- and sex- 
matched controls [36]. Older age at fracture, 
malignancy, and cognitive impairment are all 
associated with higher risk of functional decline 
following a hip fracture [35]. Vertebral fractures 
are also associated with pain and impaired qual- 
ity of life [37], whereas forearm fractures are less 
frequently associated with increased morbidity 
and demonstrate the least reduction in quality of 
life [37]. 

Determinants of Fracture Risk 

An osteoporotic bone has reduced strength, but 
spontaneous fractures remain rare. The epidemi- 
ology of osteoporotic fractures therefore reflects 
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both disturbances to the biological processes 
involved in the balance between bone formation 
and resorption and also characteristics that lead 
to an increased propensity to fall, thus applying 
an impact force. 

Age 

There is a bimodal distribution of fractures by 
age; fracture incidence firstly peaks during 
puberty [38] and secondly in later life [39]. The 
peak in adolescence tends to coincide with the 
period of rapid skeletal growth in early to mid- 
puberty; these fractures are usually associated 
with substantial trauma and occur in the long 
bones. In contrast, fractures in later life are often 
secondary to minimal trauma. 

The prevalence of osteoporosis increases sig- 
nificantly with advancing age after 50 years; one 
study reported an increased prevalence from 4.4 
% of individuals aged 50-54 years to 36.8 % of 
those aged over 80 years [26]. Similarly, the 
incidence of fragility fractures increases after 50 
years of age, as shown in Fig. 1.3 [40], although 
the absolute number of fractures plateaus in 
those over 80 years as the size of the at-risk pop- 
ulation reduces [26] . The increasing incidence is 
in part due to age-related reductions in BMD, as 
the risk of fracture approximately doubles for 
every standard deviation decrease in BMD [41, 
42], but deteriorations in cortical and trabecular 
structure and an the increasing incidence of falls 
[42] also contribute. Approximately, one-third of 
community-dwelling adults over 65 years will 
fall at least once each year [43], but the inci- 
dence is four times greater in 90-year-olds than 
60-year-olds and twice as common in women 
than men [44] . Risk factors for falls include sar- 
copenia and poor functional mobility, neurocog- 
nitive impairment, poor visual acuity, 
disturbances to balance, cardiovascular instabil- 
ity, and sedative medications [44]. Similarly, the 
prevalence of these comorbidities tends to 
increase with age (Fig. 1.3). 

Sex 

The sex distribution of fractures differs with age. 
In childhood, fracture rates are higher in boys 
[38], and this pattern remains until approximately 



Fig. 1.3 Hip, wrist, and radiographic vertebral fracture 
incidence by age and gender. From The Lancet, Vol 367 
(9527), P Sambrook & C Cooper, Osteoporosis, Pages 
2010-18., Copyright 2011 [40]. Reprinted with permis- 
sion from Elsevier Limited 


50-55 years of age when the sex distribution is 
reversed [45]. After the age of 50 years, women 
sustain nearly three times as many fractures as 
men and account for 75 % of the fracture-related 
costs [46]. This increase in fracture incidence in 
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women coincides with the postmenopausal 
reductions in bone mass. The gender disparity is 
particularly marked for forearm fractures, with 
an age-adjusted female-to-male ratio of 4:1 due 
to a marked increase in forearm fractures in 
females with advancing age, but no simultaneous 
increase in males [45]. Despite the overall inci- 
dence of fractures being higher in women than 
men, hip fractures tend to occur at a younger age, 
and mortality rates are higher in males [28, 47]. 
This is likely to reflect higher levels of comorbid- 
ity in males than female. However, functional 
outcome in those that do survive hip fracture is 
similar between the two sexes [48]. 

Ethnicity 

Fracture rates vary with ethnicity. A recent study 
of women aged over 65 years living in the USA 
demonstrated that the incidence of hip fracture 
was highest in white women, and this was 1.4, 
2.0, and 2.3 times higher than that of Hispanic, 
Asian, and Black American women, respectively 
[49]. The ethnic variability in fracture rates 
observed in men is much lower, but white men 
still have a higher incidence of hip fracture [49]. 
Some of the variation in fracture rate is due to 
ethnic differences in BMD: data from the 
NHANES 1999-2004 cohort demonstrated that 
at all ages, aBMD is higher in black compared to 
non-Hispanic white individuals, who had greater 
aBMD than Mexican Americans [50]. However, 
the Study of Osteoporotic Fractures demon- 
strated that even within the same tertile of BMD, 
black women have a 30-40 % lower risk of frac- 
ture than white women [51], indicating that the 
other factors, for example, skeletal size and 
microarchitecture, are also likely to contribute to 
the fracture risk disparity. Even in childhood, 
African Americans have greater bone area and 
higher measures of bone strength than Caucasian 
children [52, 53], and these differences remain 
apparent in later life [54]. Furthermore, post- 
menopausal African American women also have 
increased trabecular thickness, cortical area, and 
cortical thickness compared to Caucasian 
women [54], which will also increase resistance 
to fracture. 


Anthropometry, Obesity, and Body 
Composition 

Taller stature [55, 56] and a low body mass index 
are well-established risk factors for fracture in 
postmenopausal women, whereas conversely 
obesity appears to be a protective factor for hip 
fracture in adults [57, 58]. However, the effect of 
obesity on the incidence of fractures across skel- 
etal sites is not identical. In the Global 
Longitudinal Study of Osteoporosis in Women 
(GLOW), which included 46,443 women from 
10 different countries, the overall incidence of 
fracture did not differ between obese and normal 
weight women, but the age of reported fracture 
was significantly younger in obese women than 
normal or underweight women [59]. Obesity was 
associated with a higher incidence of ankle and 
lower leg fractures, but lower incidence of wrist, 
hip, and pelvic fractures. In contrast, underweight 
women had a higher incidence of hip and pelvic 
fractures compared to normal weight and obese 
women [59]. This variation in fracture site by 
body weight may be mediated through a combi- 
nation of mechanical loading resulting in a higher 
BMD in obese individuals and protective cush- 
ioning at some sites, but greater forces applied to 
other sites, in the event of a fall. 

Heritable Influences 

The risk of an osteoporotic fracture is greater in 
individuals who have a parent that suffered a hip 
fracture. Twin and family studies suggest that a 
substantial proportion of the variance in bone 
mass is determined by heritable factors, includ- 
ing intrauterine and shared environmental factors 
and genetic influences, although this varies by 
skeletal site, such that the heritance of BMD at 
the lumbar spine is greater than that at the wrist 
[60-62] . However, age also influences the herita- 
bility of BMD. The heritable component is esti- 
mated to be lower in postmenopausal compared 
with premenopausal women [60, 61], which most 
likely reflects the additional role of lifestyle-, 
dietary-, and disease-related factors in the latter 
group. Genetic determinants of femoral neck 
geometry [63], markers of bone turnover [64], 
age at menopause [65], and muscle strength [66] 
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will also contribute to the genetic susceptibility 
to osteoporotic fracture. 

A number of genes have now been identified 
as possible candidates for the regulation of bone 
mass and osteoporotic fracture. The majority of 
these influence the estrogen, Wnt signaling, or 
RANK-L-RANK-OPG pathways [17, 67]. 

However, polymorphisms at these loci explain 
only a small proportion (1-3 %) of the observed 
variance in BMD in the population, and there is 
increasing recognition that environmental factors 
might alter osteoporosis risk directly and through 
epigenetic mechanisms acting to influence gene 
expression. These gene-environment interactions 
might occur either in fetal development, for 
example, the demonstrated interaction between 
birth weight and the vitamin D receptor genotype 
in determining lumbar spine BMD [68], or in 
later life, for example, in the Framingham 
Offspring Cohort, genetic variation in the inter- 
leukin-6 promoter gene was only associated with 
hip BMD in a subset of women who were not 
using estrogen replacement and in those who had 
an inadequate calcium intake [69]. Over recent 
years, the role of epigenetic processes in mediat- 
ing such interactions between environmental fac- 
tors and gene expression has been increasingly 
recognized as fundamental to the pathogenesis of 
human disease [70]. 

Geography 

There is a marked variation in hip fracture rates 
globally. The highest age- standardized annual 
hip fracture rates, observed in Scandinavia, are 
tenfold higher than the countries with the lowest 
incidence, including Tunisia, Ecuador, and 
Morocco [71]. Generally, hip fracture rates are 
highest in countries furthest from the equator, 
and although the underlying mechanisms remain 
to be elucidated, this variation may be related to 
differences in vitamin D status. In countries 
where extensive skin covering due to religious or 
cultural practices are the norm, such as in many 
of the Middle Eastern countries [71], higher rates 
of hip fracture are observed, which further sup- 
ports lack of sunlight exposure and reduced vita- 
min D synthesis as contributory factors. Some 
migration data would suggest that this geographi- 


cal variation is the result of environmental, rather 
than genetic, factors, although not all studies sup- 
port this. Black Africans residing in the USA 
have higher incidence of hip fracture than Black 
Africans in Africa [71], but Japanese women liv- 
ing in Hawaii have a similar incidence of hip 
fracture to those who have remained in Japan 

[72] . Clearly any similarities and differences 
between the current and previous environment 
have to be borne in mind when interpreting such 
findings. 

Conversely, in Sweden, the overall risk of hip 
fracture is significantly higher in those who were 
born in Sweden than for foreign-born individuals 

[73] . Furthermore, in the foreign-born males, the 
incidence of hip fracture was highest in those 
from Norway and Iceland and lower in individu- 
als born in more southern European countries 
such as Poland and Germany [73]. A number of 
factors might contribute to these differences in 
incidence including manual labor intensity in 
immigrants, anthropometry, and body composi- 
tion, but these results could also suggest that 
early life geographical factors, including vitamin 
D exposure, might be important to determining 
fracture risk. 

Hip fracture rates appear to be higher in more 
urbanized areas than rural regions [74]. There is 
much speculation as to the underlying causal fac- 
tors for this, and proposed factors include physi- 
cal activity and manual labor, greater sunlight 
exposure due to occupational and leisure time 
spent outdoors, and comorbidities leading to 
relocation for medical or nursing care [74]. 
Furthermore, some authors suggest that pollution 
in inner-city areas might have a negative effect on 
BMD [75]. 

Seasonal Variation 

Some studies have suggested that there is evi- 
dence for seasonal variation in osteoporotic frac- 
tures [76-78], although this is not supported by 
all studies [79]. It is likely that environmental 
factors, such as snow and ice, contribute to the 
higher winter incidence in some countries; how- 
ever, many fractures occur indoors [80], and 
some studies conducted in countries at northern 
latitudes suggest that the seasonal variation is 
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present only if fractures that occur outdoors are 
considered [81, 82]. However, seasonal variation 
is even observed Hong Kong [76] and southern 
states of the USA [78], where icy winter condi- 
tions do not occur, suggesting that other factors, 
for example, seasonal variation in vitamin D sta- 
tus and bone turnover, might be important. 

Secular Trends in Osteoporosis 

Improvements in life expectancy and an aging 
population are resulting in an increasing number 
of hip fractures worldwide; in 1990, there were 
estimated to be 1.66 million hip fractures, and in 
2050, this figure is predicted to rise to 6.26 mil- 
lion [83]. However, these estimates have assumed 


a constant age-specific hip fracture incidence, yet 
marked secular changes have been observed, and 
these vary across the globe. In Europe, North 
America, and Oceania, age- specific hip fracture 
rates increased until the late twentieth century; 
however, more recently, there is evidence for sta- 
bilization or even a decline in the incidences in 
these countries (Fig. 1.4) [84-86]. In contrast, 
although there are limited data, the rates of hip 
fracture in many developing countries continue 
to increase [84]. 

The mechanisms underlying these changes in 
fracture incidence are unclear, but are likely to 
reflect a combination of factors [84]. It is possi- 
ble that a change in the prevalence of risk factors 
which act relatively late in the lifecourse has 
occurred, and indeed improvements in healthcare 
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in developed countries leading to improved sur- 
vival of the frailest elderly would contribute to 
this. A secular increase in adiposity may also 
contribute. Bisphosphonates were introduced in 
fracture prevention in North America and Europe 
in the mid-1990s. However, the increased use of 
these agents cannot fully explain the observed 
reductions in hip fracture incidence [87-89]. 
Alternatively, a birth cohort effect might arise 
from a change to risk factor patterns which influ- 
ence bone development early in the lifecourse. 


Conclusions 

Osteoporosis and fragility fracture are globally 
common conditions, which result in huge indi- 
vidual and public health burden and increased 
mortality. Knowledge of the factors contributing 
to bone strength, the pathophysiological pro- 
cesses resulting in bone loss and qualitative dete- 
riorations in bone structure, and risk factors for 
osteoporosis will enable the development of new 
therapeutic agents and increasing use of individ- 
ualized treatment programs. 
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Summary 

• The term “antiresorptive” is used to refer to 
drugs that inhibit bone resorption, usually via 
direct or indirect actions on osteoclast devel- 
opment and function. 

• The use of “antiresorptive” drugs continues to 
dominate the therapy of bone diseases, includ- 
ing osteoporosis. 

• Currently, the main group of drugs used world- 
wide is the bisphosphonates, which have been 
used clinically for more than 40 years and 
which can reduce fracture occurrence at verte- 
bral and non- vertebral sites, including hips. 
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• The remarkable recent advances in under- 
standing the genetic basis of inherited bone 
disorders have provided a rich source of new 
targets for therapeutic intervention, notably 
the RANK-ligand/RANK system and cathep- 
sin K for antiresorptive drugs and the wnt/ 
sclerostin pathway for bone-forming drugs. 

• The most recently introduced new drug is the 
anti-RANK-ligand antibody, denosumab, 
which is also highly effective against all frac- 
ture types, vertebral, non-vertebral, and hips. 

• For osteoporosis, older treatments have his- 
torically included hormones, such as estro- 
gens as well as calcitonins, but these have 
been replaced by more selective and effective 
treatments. 

• Other drugs such as strontium salts have been 
introduced in some but not all countries. 

• The development of drugs for treating osteo- 
porosis requires large trials and is expensive. 
Some drugs fail on grounds of efficacy or 
safety during development. 


M.A. Lawson, PhD • A.D. Chantry, MD, PhD 
Department of Oncology and Human Metabolism, 
The Mellanby Centre for Bone Research, 

The University of Sheffield Medical School, 
Sheffield, UK 

F.H. Ebetino, PhD 

Chemistry Department, University of Rochester, 
Rochester, NY, USA 


© Springer International Publishing Switzerland 2016 

S.L. Silverman, B. Abrahamsen (eds.), The Duration and Safety 

of Osteoporosis Treatment , DOI 10. 1007/978-3-3 19-23639- 1_2 


17 


18 


R.G.G. Russell et al. 


• Among the several SERMs (selective estrogen 
receptor modulators) studied, only raloxifene 
and bazedoxifene have been registered for 
clinical use. 

• Similarly, several cathepsin K inhibitors have 
been studied, but among these, only odana- 
catib is close to being likely to be registered 
for clinical use. 

• The pharmacological basis for the action of 
each of these drug classes is different, but 
reasonably well understood, and needs to be 
considered when determining the optimal 
ways they can be used in clinical practice. 


Introduction and Overview 

The use of drugs that inhibit bone resorption 
(“antiresorptives”) continues to dominate the 
therapy of bone diseases, many of which are 
characterized by enhanced bone destruction. 
These disorders include not just osteoporosis but 
also Paget’s disease of bone, myeloma, and bone 
metastases secondary to breast, prostate, and 
other cancers, as well as many less common 
acquired or inherited diseases such as osteogen- 
esis imperfecta. 

The term “antiresorptive” is used to refer to 
drugs that inhibit bone resorption, usually via 
direct or indirect actions on osteoclast develop- 
ment and action. Alternative terms such as “anti- 
catabolic” are sometimes used to contrast with 
“anabolic” agents that stimulate bone formation 
[1]. “Anabolic” and “catabolic” can have pejora- 
tive meanings. A preferred simple nomenclature 
would be to talk about “bone resorption inhibi- 
tors” and “bone-forming agents.” 

For osteoporosis, treatments have historically 
included hormones, such as estrogens as well as 
calcitonins, which have been replaced by more 
effective treatments. Several SERMs (selective 
estrogen receptor modulators) such as raloxifene 
and bazedoxifene continue to be used. Other 
drugs such as strontium salts have been intro- 
duced in some but not all countries. Currently, 
the mainstay of treatment worldwide is still with 
bisphosphonates, which have been used clini- 
cally for more than 40 years and which can 


reduce fracture occurrence at vertebral and non- 
vertebral sites, including hips. 

The most recently introduced new drug is the 
anti-RANK-ligand antibody, denosumab, which 
is also effective against these fractures. Several 
cathepsin K inhibitors have also been studied, but 
among these, only odanacatib is close to being 
likely to be registered for clinical use. 

In this chapter, the pharmacological basis for 
the action of each of these drug classes will be 
briefly described, pointing out the similarities 
and differences among them. These properties 
need to be considered when determining the opti- 
mal ways they can be used in clinical practice. 

There is a vast published literature about 
osteoporosis and its treatment, and many good 
reviews are available [2, 3]. For example, a search 
in PubMed using the term “bisphosphonates” 
reveals over 20,000 references. This chapter will 
provide only a few key references to the pharma- 
cology and clinical results obtained with the vari- 
ous classes of drugs, which will be dealt with in a 
sequence that reflects their history and current 
scale of use. 


How Drugs Are Discovered 
and Developed.The Role 
of Serendipity and Lessons 
from Rare Diseases 

Drug discovery is an interesting process. The 
rewards of success can be great, but sadly more 
drugs fail than succeed during clinical 
development. The costs of developing drugs for 
osteoporosis are particularly high and may 
approach $1 billion to successfully complete the 
necessary phase 3 studies and to show fracture 
reduction in populations of 10,000-20,000 
patients studied over several years. 

Even though promising drugs such as estro- 
gens, calcitonins, and bisphosphonates were 
emerging in the 1960s, large-scale trials were 
only contemplated and became feasible after the 
development of robust techniques for measuring 
bone mass. The development of bone densitom- 
etry (DXA) was therefore a critical step, enabling 
better diagnosis and assessment of response to 
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treatment. The pharmaceutical industry only 
became seriously interested in osteoporosis as a 
therapeutic objective in the 1980s when medici- 
nal chemists began to work on improving 
bisphosphonates and synthetic estrogens and also 
to design other small molecules such as protease 
inhibitors. The current approach to drug develop- 
ment is to start with defined molecular targets, 
many of them identified from the genetics of 
inherited skeletal disorders. 

It is fascinating to note how the study of rare 
diseases has led us to many of the drugs now used 
for or being developed for treating skeletal dis- 
eases. Even the bisphosphonates, as stable chem- 
ical analogues of pyrophosphate, can be traced 
back to studies on the inherited disorder hypo- 
phosphatasia. In hypophosphatasia, the enzyme, 
alkaline phosphatase, is deficient, and the result- 
ing increased levels of pyrophosphate, the body’s 
natural water softener, contribute to the defective 
skeletal mineralization. Altered pyrophosphate 
metabolism also occurs in other calcification dis- 
orders, such as chondrocalcinosis and infantile 
vascular calcification. The bisphosphonates were 
first studied as analogues of pyrophosphate for 
their inhibitory effects on mineralization. Only 
when it was realized that they could also affect 
mineral dissolution were their effects on bone 
resorption evaluated, illustrating that serendipity 
has also played a role in drug discovery. 

The development of denosumab and cathepsin 
K inhibitors can also both be traced back to the 
study of rare diseases. Among other potential 
antiresorptives derived from studies of various 
osteopetrotic disorders are src inhibitors, chlo- 
ride channel blockers, and ATP proton pump 
inhibitors, but to date only denosumab, as an 
anti-RANK-ligand antibody, has been registered 
for clinical use. Similarly new bone-forming 
agents such as anti-sclerostin antibodies and dkk 
antagonists have their origin in studies of the 
genetics of wnt pathway modulators. 

Although the many genetic discoveries under- 
lying the osteopetroses and other high-bone-mass 
disorders have inspired many pharmacological 
approaches, the treatment of osteopetrotic syn- 
dromes themselves remains challenging, but 
marrow transplantation, or interferons, can be 
helpful in selected cases [4]. 


Bisphosphonates 

The bisphosphonates (BPs) were originally called 
diphosphonates, and their biological effects were 
first reported in 1969 [5-7]. Their early use was 
for bone scintigraphy and the treatment of Paget’s 
disease. Starting in the 1970s, this was extended 
to hypercalcemia of malignancy and then to the 
prevention of skeletal-related events in patients 
with myeloma or bone metastases. It was only 
much later in the 1990s, when bone densitometry 
became widely available and enabled quantitative 
diagnosis and evaluation of osteoporosis, that 
bisphosphonates (BPs) became firmly established 
as the leading drugs for the treatment of 
osteoporosis. 

Over the years, many hundreds of BPs have 
been made, and more than a dozen have been 
studied in man. Although BPs share several com- 
mon properties as a drug class, there are obvious 
chemical, biochemical, and pharmacological dif- 
ferences among the individual BPs that may help 
to explain observed clinical differences (Fig. 2.1). 

Bisphosphonates have been used since the 
1970s across the whole spectrum of bone resorp- 
tion disorders, including Paget’s disease and 
cancer-related bone destruction. Their exact 
molecular mechanisms of action are now better 
understood. Within bone, bisphosphonates are 
internalized selectively by osteoclasts and inter- 
fere with specific biochemical processes. The 
antiresorptive effects on osteoclasts of the 
nitrogen-containing BPs (including alendronate, 
risedronate, ibandronate, minodronate, and zole- 
dronate) appear to result principally from their 
strong and selective inhibition of farnesyl pyro- 
phosphate synthase (FPPS), a key enzyme in the 
mevalonate pathway of cholesterol biosynthesis. 
This pathway generates isoprenoid lipids utilized 
for the posttranslational modification (prenyl- 
ation) of small GTP-binding proteins that are 
essential for osteoclast function. 

The inhibition of farnesyl pyrophosphate syn- 
thase (FPPS) in the mevalonate pathway results 
in the accumulation of the upstream metabolite, 
isopentenyl pyrophosphate (IPP), that may be 
responsible for immunomodulatory effects on 
gamma delta (y6) T cells. Accumulation of IPP 
can also lead to production of another ATP 
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Fig. 2.1 Structures of major bisphosphonates used clinically 


metabolite called ApppI, which has intracellular 
actions, including induction of apoptosis in 
osteoclasts. BPs may have other biologically 
important cellular effects on inhibiting osteoclast 
differentiation, on decreasing tumor cell viabil- 
ity, and on preventing osteocyte apoptosis, the 
latter possibly through other pathways, e.g., con- 
nexin channels [8]. 

The pharmacological effects of BPs as inhibi- 
tors of bone resorption appear to depend upon 
two key properties: their affinity for bone mineral 
and their inhibitory effects on osteoclasts [9]. 
There are differences in binding affinities for 
bone mineral among the clinically used BPs, 
which may influence their distribution within 
bone, their biological potency, and their duration 
of action. Although it is obvious that different 
BPs share many pharmacological properties, it is 
also obvious that every BP has a specific and 
often unique profile. Clinicians may understand- 
ably question whether these pharmacological dif- 
ferences are of practical importance. Based on 
the available data, we have proposed that these 
differences may be clinically relevant [10]. Thus, 


there is evidence to indicate that there may be dif- 
ferences among the BPs in terms of the speed of 
onset of fracture reduction, efficacy at different 
skeletal sites, and the degree and duration of 
reduction of bone turnover, which may influence 
how long to treat patients with individual drugs 
(Fig. 2.2). 

Bisphosphonates are currently the leading 
drugs used worldwide for the treatment of osteo- 
porosis. In randomized controlled trials (RCTs), 
alendronate, risedronate, and zoledronate have 
shown to reduce the risk of vertebral, non- 
vertebral, and hip fractures, whereas RCTs with 
ibandronate show anti-fracture efficacy at verte- 
bral sites. The clinical effects of bisphosphonates 
on fracture reduction derived from RCTs and 
other studies are reviewed by Papapoulos in 
Chap. 15. 

There are however difficulties with comparing 
the clinical effects of individual bisphosphonates 
with each other and with other antiresorptive 
drugs, because of the lack of direct comparisons 
in head-to-head clinical trials with appropriate 
endpoints (e.g., fracture). Despite this, using the 
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Explaining How Bisphosphonates Work 
Each BP has a distinct profile 
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Fig. 2.2 Explaining how bisphosphonates work. They 
differ in their binding affinity for bone mineral and their 
inhibitory activity on famesyl pyrophosphate synthase 


(FPPS). These properties contribute to the pharmacologi- 
cal potency and differences among the bisphosphonates 


data generated from individual clinical studies, 
there is evidence for potential differences among 
BPs in terms of their clinical effects on speed of 
onset of fracture protection, sites of anti-fracture 
efficacy, and duration of effect. This may reflect 
their different profiles in terms of mineral binding 
properties and biochemical actions within cells. 

Apart from the “big” four (alendronate, rise- 
dronate, zoledronate, ibandronate), other bisphos- 
phonates also have been used in osteoporosis but 
have not achieved broad indications and been 
licensed for this indication. These include clodro- 
nate, pamidronate, tiludronate, neridronate, mino- 
dronate, and olpadronate. Etidronate was approved 
in most countries in the early 1990s. Pamidronate 
has been extensively used off-label for osteoporo- 
sis as it was the only intravenous bisphosphonate 
available before zoledronate. It is still used in the 
management of osteogenesis imperfecta [11]. 

In the case of osteoporosis, some of the cur- 
rently debated topical issues include deciding 
whom to treat and for how long, which BP to use, 
and how to manage poor compliance [12]. In gen- 


eral, BPs have proved to be not only highly effec- 
tive but also very safe drugs. Nonetheless, issues 
of side effects and adverse events attract often 
disproportionate attention, as with osteonecro- 
sis of the jaw (ONJ) and atypical femoral (sub- 
trochanteric) fractures (AFFs), where the nature 
of any association with BPs remains unclear 
[13]. This is discussed in other chapters in this 
book. 

Bisphosphonates have now become largely 
generic drugs, as key patents have expired, but 
are likely to remain major drugs for treating bone 
diseases for some time to come. Advances con- 
tinue to be made, such as producing formulations 
to overcome interference of intestinal absorption 
by food [14]. Novel bisphosphonates have been 
made with even greater potency and selectivity, 
but they will have to have added benefits if they 
are to compete with cheaper generics. In looking 
ahead, there are obvious opportunities for extend- 
ing the use of BPs to other areas of medicine. 
Several recent studies suggest that BPs may be 
associated with other clinical benefits outside 
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the field of bone diseases, e.g., on mortality, 
cardiovascular disease, and reduction of colon 
cancer. The pharmacology underlying these 
potential effects needs to be understood. Further 
intriguing examples of non- skeletal effects 
include inhibition of several protozoan parasites, 
increasing longevity in animal progeroid models, 
and enhancing human stem cell life span, DNA 
repair, and tissue regeneration. Several of these 
effects may be explained by modulation of the 
isoprenylation of proteins that have regulatory 
functions in many cell types. We may be entering 
an era in which BPs are viewed as modulators of 
mevalonate metabolism (“MMMs”), rather than 
as bone-active drugs. This research is opening up 
a wide range of new potential medical uses of 
bisphosphonates, including effects on T cells, tis- 
sue regeneration, radioprotection, and extension 
of life span. 


Denosumab 

Denosumab is a fully human monoclonal anti- 
body against RANK ligand (RANKL) marketed 
under the name of Prolia® (Pralia® in Japan) for 
osteoporosis and Xgeva® for the prevention of 
skeletal complications in oncology. The discov- 
ery of the essential role of RANK ligand and of 
RANK signaling in osteoclast differentiation, 
activity, and survival led the way to developing 
denosumab. Denosumab acts by binding to and 
inhibiting RANKL from binding to RANK, lead- 
ing to the loss of osteoclasts from bone surfaces. 

RANK ligand is one of the two cytokines that 
are essential and sufficient to induce osteoclast 
differentiation. The other is the macrophage 
colony-stimulating factor (M-CSF). M-CSF 
binds to c-Fms, a single transmembrane domain 
receptor of the tyrosine kinase family, and 
RANKL binds to RANK, a single transmem- 
brane receptor of the tumor necrosis factor (TNF) 
receptor family, which forms trimers upon ligand 
binding. The role of M-CSF is to first activate the 
proliferation and survival of cells of the mono- 
cyte-macrophage lineage and the expression of 
RANK, allowing the action of RANKL, which, 
together with M-CSF, constitutes an absolute 
requirement for commitment to and progression 


of early precursors along the osteoclast lineage. 
The differentiation step from osteoclast precur- 
sors to multinucleated osteoclasts is then induced 
by RANKL, again through the M-CSF-dependent 
expression of RANK at the cell surface of these 
early precursors. M-CSF and RANKL are both 
secreted by bone marrow stromal cells and osteo- 
blasts, whereas RANKL is also secreted by T 
cells and to a lesser extent by B cells. The other 
component of the RANKL/RANK system is 
osteoprotegerin (OPG), which is a shed extracel- 
lular portion of the RANK receptor. Most of the 
cells producing RANKL also produce this decoy 
RANK receptor, OPG, which acts as an antago- 
nist to RANK signaling and osteoclastogenesis 
by scavenging RANKL in the extracellular envi- 
ronment. OPG is also a regulated molecule, and it 
is the ratio between RANKL and OPG which 
determines the level of activation of RANK and 
therefore the extent to which osteoclast produc- 
tion and function is activated. All these molecules 
are thought to act in a paracrine manner and to 
regulate bone resorption locally. The overall 
endocrine regulation of skeletal homeostasis 
involves interactions between systemic hormones 
and the RANKL/RANK/OPG system. The 
expression and secretion of both RANKL and 
OPG are regulated by several calcium-regulating 
hormones, including estrogens, parathyroid hor- 
mone (PTH), and vitamin D3. 

The first attempts to develop therapeutics 
based on these pathways utilized a chimeric 
OPG-Fc fusion protein to antagonize RANKL. 
However, the formation of neutralizing antibod- 
ies against OPG after administration of the fusion 
protein and its potential cross-reactivity with 
tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) led to the more attractive strategy 
of inhibiting RANKL directly using denosumab. 

The key pharmacological differences between 
denosumab and the bisphosphonates reside in the 
distribution of the drugs within bone and their 
effects on precursors and mature osteoclasts [15]. 
This may explain differences in the degree and 
rapidity of reduction of bone resorption, their 
potential differential effects on trabecular and 
cortical bone, and the reversibility of their actions. 

In the FREEDOM pivotal phase 3 clinical 
trial, denosumab was shown to significantly 
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reduce vertebral, non-vertebral, and hip fractures 
by 68 %, 20 %, and 40 %, respectively, compared 
with placebo. In the FREEDOM study, 7808 
women with postmenopausal osteoporosis were 
randomized to receive denosumab 60 mg subcu- 
taneously once every 6 months or placebo [16]. 
FREEDOM is the acronym for the Fracture 
Reduction Evaluation of Denosumab in 
Osteoporosis every 6 Months study. 

These and further studies involving over 12,000 
patients have confirmed the efficacy and overall 
safety of denosumab [17-20], out to 8 years of 
treatment in the ongoing extension studies. 
Denosumab treatment increased BMD at the total 
hip, lumbar spine, and/or femoral neck and 
reduced markers of bone turnover to a significantly 
greater extent than oral bisphosphonates in women 
who had not received bisphosphonates at all or in 
the recent past or in those who had switched from 
alendronate to denosumab treatment. 

There are several respects in which the differ- 
ences between bisphosphonates and denosumab 
have practical consequences. It appears that the 
effects of denosumab to increase BMD continue 
on prolonged treatment, whereas they may pla- 
teau earlier on bisphosphonates. 

Denosumab may also have a greater impact on 
protecting cortical bone than bisphosphonates, 
which is likely to contribute to its efficacy in 
reducing fractures. 

However, the effects of denosumab rapidly 
reverse when treatment stops which means that 
ensuring compliance is even more important if 
potential benefits are to be sustained. Another 
difference is the potential use of denosumab in 
patients with impaired renal function, in whom 
use of bisphosphonates is contraindicated. 


Estrogens: Background and Current 
Status 

The recognition that the decline in estrogen pro- 
duction at the menopause was associated with 
bone loss dates back to the time of Albright more 
than half a century ago. The use of estrogens as 
HRT (ERT or hormone replacement therapy) in 
postmenopausal women was therefore a logical 
approach toward alleviating the symptoms and 


consequences of the menopause. After the link 
between menopause and osteoporosis was first 
identified, estrogen treatment became the stan- 
dard means for preventing bone loss, even though 
there was no fracture data. This changed dramati- 
cally when results from the Women’s Health 
Initiative (WHI) study were published, which 
showed an increase in heart attacks and breast 
cancer [21]. Even though the risks were small, 
this prompted a large drop off in estrogen use. In 
later analyses, the WHI study showed that estro- 
gen reduced fractures and actually prevented 
heart attacks in the 50-60-year age group. 
Estrogen alone appeared to be safer to use than 
estrogen plus the progestin medroxyprogesterone 
acetate and actually reduced breast cancer. The 
overall benefits and risks of estrogens are now 
better appreciated and are being continuously 
reappraised [22, 23]. In one analysis of 
hysterectomized women, it was estimated that by 
avoiding estrogen, there had been ~50,000 extra 
deaths from 2002 to 2011 [24]. Currently, it is 
widely accepted that estrogens are effective in 
relieving menopausal symptoms and in prevent- 
ing perimenopausal bone loss, as well as having 
other potential benefits, but their use as first-line 
therapy in osteoporosis is no longer appropriate. 

The way in which estrogens act on bone and 
indeed on other tissues is complex. Estrogens 
may have direct effects on bone cells, but many 
of their effects may be indirect, mediated, for 
example, by reducing the actions of the RANK- 
ligand system on osteoclast differentiation. 
Estrogens exert their cellular effects mainly by 
binding to estrogen receptors (a & P), which are 
members of the large family of nuclear hormone 
receptors that regulate the transcription of spe- 
cific genes. The different cofactors present in 
various tissues result in differential effects of 
individual ER ligands in key target tissues [25]. 

Estrogens can also exert rapid cellular 
responses by non-genomic mechanisms by bind- 
ing to another type of receptor, called the G 
protein-coupled estrogen receptor 1 (GPER), for- 
merly referred to as G protein-coupled receptor 
30 (GPR30). GPER is an integral membrane 
protein with high affinity for estradiol and is 
a member of the rhodopsin-like family of G 
protein-coupled receptors. 
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Selective Estrogen Receptor 
Modulators 

Selective estrogen receptor modulators (SERMs) 
are a diverse group of naturally occurring or syn- 
thetic nonsteroidal compounds that exhibit tissue- 
specific estrogen receptor (ER) agonist or 
antagonist activity, i.e., they can act as estrogens 
on some tissues but antiestrogens on others. The 
biochemical basis for differential actions on vari- 
ous target tissues is most likely to be due to the 
different conformation changes induced in the 
receptor after binding to individual ligands. These 
conformational changes in the ER in turn result in 
different patterns of binding to various coactiva- 
tors and corepressor molecules, thereby leading 
to distinctive patterns of gene transcription and 
protein expression in the various target tissues. 

The pharmacological profile of individual 
SERMs is therefore determined by the effects 
observed on the key target tissues that are 
important for human health. An ideal SERM 
would therefore have positive effects on the 


cardiovascular system and bone, without stimu- 
lating breast or endometrial tissue and raising the 
risk of cancer. Attempts to meet this ideal profile 
have been partially successful with currently 
approved SERMs such as raloxifene and baze- 
doxifene. However, it has so far proved impossi- 
ble to wean out the adverse effects of provoking 
hot flushes or venous thrombosis from any of the 
individual SERMs in current clinical use. There 
are several comprehensive reviews of estrogens 
and SERMs available [26, 27]. 

Many different molecules with estrogen ago- 
nist or antagonist activity have been synthesized 
and evaluated experimentally. Several have been 
examined for their clinical potential. Some have 
failed to progress on account of unacceptable 
side effects or lack of desired efficacy. These 
include droloxifene, idoxifene, and arzoxifene. 
Overall, there have been more failures than 
successes in clinical development. There are 
currently only two SERMs approved for use of 
osteoporosis, namely, raloxifene and bazedoxi- 
fene (Fig. 2.3). 
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The earliest SERMs developed for clinical 
use were agents such as clomiphene, still used 
for induction of ovulation, and tamoxifen used as 
an antiestrogen in the management of breast 
cancer. Currently, other FDA-approved SERMs 
include toremifene, also used for prevention 
and treatment of breast cancer, and ospemifene 
approved for treatment of dyspareunia from 
menopausal vaginal atrophy. Raloxifene is 
approved for the prevention and treatment of 
osteoporosis and prevention of invasive breast 
cancer. Bazedoxifene is also approved in many 
countries either as a single agent but interestingly 
also as a combined preparation with estrogen. 
This tissue-selective estrogen complex (TSEC) 
involves a pairing of conjugated equine estro- 
gens with bazedoxifene and is approved by the 
FDA. This pairing is designed to reduce the risk 
of endometrial hyperplasia that can occur with 
the estrogenic component of the TSEC without 
the need for a progestogen in women with a 
uterus. The combination also allows for the 
estrogen to control hot flushes and to prevent 
bone loss without stimulating the breast or the 
endometrium. 

Although bisphosphonates remain first-line 
therapy for most patients, SERMs such as raloxi- 
fene and bazedoxifene provide a safe and effec- 
tive alternative to bisphosphonates for women 
who are unable to tolerate bisphosphonates and 
for younger women with an increased risk of 
fracture who may remain on therapy for many 
years [28, 29]. 

Raloxifene 

The first SERM developed specifically for use in 
osteoporosis was raloxifene, which interestingly 
had also being previously studied by Lilly but 
discontinued for its potential as an anti-breast 
cancer agent. Raloxifene is an estrogen agonist in 
bone and the liver. It increases BMD and reduces 
LDL cholesterol. It does not stimulate the endo- 
metrium and is a potent antiestrogen in the breast. 
There have been many clinical studies with ral- 
oxifene. In the large Multiple Outcomes of 
Raloxifene Evaluation (MORE) trial, a total of 


7705 women who had a mean age of 65 years 
(low bone mass group) and 68 years (osteoporo- 
sis group) were randomly assigned to raloxifene 
(60 or 120 mg) or placebo daily and were fol- 
lowed up for a total of 8 years. There were sig- 
nificant increases in BMD at the spine and hip, 
and the risk of vertebral fracture was significantly 
reduced by 30 and 50 %, respectively, with ral- 
oxifene at 60 or 120 mg/day compared with pla- 
cebo. There was no effect on non- vertebral 
fractures, but importantly treatment with raloxi- 
fene reduced the incidence of invasive and inva- 
sive estrogen receptor-positive breast cancers by 
more than 60 % 


Bazedoxifene 

Bazedoxifene is a novel synthetic “third- 
generation” estrogen agonist-antagonist, with an 
attractive experimental and clinical profile, with 
apparent added advantages when used in combi- 
nation with conjugated estrogen (20 mg bazedox- 
ifene plus 0.45 mg CE). 

Several clinical studies have been reported, 
showing increases in BMD at the spine and also 
at the hip. In the pivotal phase III treatment study 
of bazedoxifene, 7492 healthy postmenopausal 
women (average age, 66 year) were randomly 
assigned to daily oral doses of bazedoxifene 20 
or 40 mg, raloxifene 60 mg, or placebo. There 
was a reduction in spine fractures on all doses at 
3 years of 42 % for bazedoxifene at 20 mg, 37 % 
for the 40 mg dose, and 42 % for raloxifene at 
60 mg [30]. The efficacy of bazedoxifene was 
sustained through 5 and 7 years of treatment as 
observed in the extensions of the core trial [31]. 

Bazedoxifene reduced non- vertebral fractures 
when results from both doses were combined, 
and this became more evident when higher-risk 
groups were studied. A recent analysis of the data 
using FRAX® indicates that reductions in non- 
vertebral fractures appear to be greater than with 
raloxifene in the higher-risk groups [32]. 

Bazedoxifene treatment was not associated 
with detectable effects on risk of breast cancer, or 
cardiovascular outcomes, but had positive effects 
on lipid profiles. Bazedoxifene had neutral 
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effects on the reproductive tract and was not 
associated with increases in endometrial thick- 
ness or increases in the rate of endometrial 
hyperplasia or carcinoma. Increases in venous 
thrombosis events were noted, which were not 
unexpected, since they were already well known 
to occur with estrogens and other SERMs. 

Lasofoxifene 

Lasofoxifene is another synthetic estrogen ago- 
nist-antagonist (SERM). It has a high affinity for 
both ERs, in a similar range to estradiol, and an 
order of magnitude higher than raloxifene, 
tamoxifen, or droloxifene. It has better oral bio- 
availability than several other SERMs. 

Two doses of lasofoxifene 0.25 and 0.5 mg 
daily were evaluated in a large phase 3 double- 
blind, randomized trial, denoted as the PEARL 
(Postmenopausal Evaluation and Risk Reduction 
with Lasofoxifene) trial. A total of 8556 women 
were initially enrolled, and assessment of out- 
comes at 5 years was completed for 6614 (~77 %) 
of these [33]. There were significant increases in 
both lumbar spine and femoral neck BMD rela- 
tive to placebo. There was a reduction in the risk 
of vertebral fractures by 31 % and 42 % with 
lasofoxifene given at 0.25 mg and 0.5 mg/day, 
respectively, while non-vertebral fractures were 
significantly reduced by 22 % with the 0.5 mg/ 
day dose. The higher dose of lasofoxifene 
reduced the risk of total breast cancer by 79 % 
and of ER-positive invasive breast cancer by 
83 % and the lower dose by 49 %. 

Treatment with 0.5 mg of lasofoxifene per day 
was also associated with a reduction in major 
coronary heart disease events and stroke and was 
not associated with an increase in the risk of 
endometrial cancer or endometrial hyperplasia. 
However, reports of leg cramps, hot flushes, 
endometrial hypertrophy, uterine polyps, and 
vaginal candidiasis were significantly more com- 
mon in women assigned to lasofoxifene than in 
those assigned to placebo. 

Although lasofoxifene received approval for 
use in the European Union countries, it has never 


been marketed, despite the encouraging clinical 
results and fracture data compared with other 
SERMs. 


Strontium 

Strontium ranelate emerged in the 1990s as a 
potential treatment for osteoporosis. It was ini- 
tially portrayed as an uncoupling agent, which 
stimulated bone formation while decreasing bone 
resorption. This was an attractive profile for a 
new drug for osteoporosis. The proposed dual 
mechanism of action even led to the introduction 
of the term “DAB A” (dual-acting bone agent). 

Two large pivotal phase 3 trials (Spinal 
Osteoporosis Therapeutic Intervention (SOTI) 
and Treatment of Peripheral Osteoporosis 
(TROPOS)) were conducted within a total of 
6740 Caucasian women with postmenopausal 
osteoporosis. In these trials, strontium ranelate 
showed efficacy in reducing fractures [34] . 

Strontium is the active component, while 
ranelate is an anion that enabled patent protec- 
tion. Despite its apparent efficacy in reducing 
fractures, the mechanism by which this is 
achieved remains unclear [35]. The effects on 
bone resorption and formation are small, but 
there are substantial changes in BMD measure- 
ments largely due to substitution of strontium for 
calcium in bone mineral. It is known that stron- 
tium apatites have different solubility and physi- 
cal characteristics than the calcium-containing 
hydroxyapatites and related minerals normally 
present in bone. Strontium salts have been used in 
the dental field as toothpaste additives for their 
protective effects on mineral dissolution. The 
simple classification of strontium as a dual-acting 
agent or an antiresorptive drug does not properly 
reflect these other properties on the physicochem- 
ical behavior of bone mineral, which may be an 
important part of its pharmacological actions. 

Strontium ranelate has been quite widely used 
in osteoporosis treatment in several countries par- 
ticularly in the elderly. Safety concerns about sen- 
sitivity reactions, venous thrombosis, and adverse 
cardiovascular effects are now limiting its use. 
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Calcitonins 

Calcitonin is a peptide hormone secreted by the 
C-cells of the thyroid gland, which lowers blood 
calcium by inhibiting bone resorption. It acts 
directly on osteoclasts to produce a temporary 
cessation of their resorptive activity. Calcitonins 
were first used therapeutically in the 1970s for 
Paget’s disease of bone, in which they were 
moderately active. The potencies of calcitonins 
vary according to the species of origin, and por- 
cine, human, and salmon calcitonins have all 
been used to varying extents in clinical practice. 
Salmon calcitonin emerged as the preferred of 
these, predominantly and curiously because it is 
more potent than human. It was eventually 
developed as a nasal inhalation rather than 
being given by injection. Studies with salmon 
calcitonin in osteoporosis only showed weak 
anti-fracture effects, and its use has been super- 
seded by more effective treatments. Recent 
studies with oral calcitonin have also proved 
disappointing. 

Calcitonin is still sometimes used for pain 
relief after vertebral fracture. The nasal forms 


of calcitonin have been recently withdrawn 
by the CHMP because of concerns about 
cancer risk. 


Cathepsin K Protease Inhibitors 

Cathepsin K (Cat K) is one of the primary 
enzymes involved in degrading type I collagen, 
the major component of the organic bone matrix. 
Cathepsin K is a member of the papain family of 
cysteine proteases and is highly expressed by 
activated osteoclasts but also in other cell types, 
giving rise to potential off-target effects (the skin, 
lungs, etc.). Cathepsins are lysosomal proteases 
that belong to the papain-like cysteine protease 
family. There are 11 different types (B, C, F, H, 
K, L, O, S, V, X, and W). There is incomplete 
homology of these enzymes among animal spe- 
cies, making animal experiments sometimes mis- 
leading. Making selective inhibitors is difficult 
but key to success. There has been intense activ- 
ity in the pharmaceutical industry to create inhib- 
itors as illustrated by the many patents that have 
been issued [36] (Fig. 2.4). 


Cathepsin K Inhibitors. 
Several Starters. Few finishers. 


Various Cat K inhibitors 


Three studied in clinical trials 



Fig. 2.4 Structures of various cathepsin K inhibitors. As discussed in the text, only odanacatib has been shown to 
reduce fractures in a phase 3 trial 
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Loss-of-function mutations in the cathepsin K 
gene lead to pycnodysostosis, a disorder charac- 
terized by osteosclerosis, bone fragility, and 
decreased bone turnover. This discovery led to a 
flurry of research activity especially in the mid- 
1990s. Cathepsin K therefore became an attrac- 
tive therapeutic target in osteoporosis and also 
potentially in osteoarthritis and bone cancers. 
The concept is scientifically interesting and illus- 
trates the process of modern drug design and 
development, based on identifying a target 
(cathepsin K) and then using medicinal chemis- 
try to design and synthesize selective inhibitors 

[37] . Key components of a clinically viable 
inhibitor are oral bioavailability, high selectivity 
over related cathepsins, and a covalent, reversible 
warhead to bind to the active- site cysteine of the 
enzyme. 

There have been many hurdles encountered 
during the discovery and development of cathep- 
sin K inhibitors as drugs. These include species 
differences in amino acid sequences in the critical 
site of the target enzyme, species differences in 
bone metabolism, and also discrepancies between 
pharmacokinetic and pharmacodynamic (PK/PD) 
profiles due to unique tissue distribution of the 
inhibitor affecting both efficacy and side effects, 
originating from idiosyncratic intracellular or 
tissue distribution of some classes of compounds 

[38] . The antiresorptive properties of several 
cathepsin K inhibitors have been studied in phase 
I and phase II clinical trials. Phase III studies 
have recently been completed for odanacatib, the 
only cathepsin K inhibitor for which fracture 
reduction has been shown. Overall and despite 
the involvement of “big Pharma,” there have been 
more failures than successes in this field so far, 
with several “failures” in the development of Cat 
K inhibitors (e.g., balicatib, relacatib; see below). 

The impetus to develop a new class of antire- 
sorptives has been further driven by the fact that 
they are not bisphosphonates, which now carry a 
burden of perceived but exaggerated safety issues 
(ONJ, AFF, etc.). The development of cathepsin 
K inhibitors has been further encouraged by the 
notion that inhibition of cathepsin K may par- 
tially uncouple the link between reduction in 
bone resorption and bone formation, allowing 


bone formation to continue while bone resorption 
is reduced [39] . This may lead to greater increases 
in bone mass (BMD) including at cortical sites. 

Whether these theoretical benefits will eventu- 
ally translate into a greater reduction of fractures 
and long-term benefits is still uncertain, even 
after the outcome of the trials with odanacatib 
have been announced. 

Balicatib 

Balicatib (AAE-581) was one of the early inhibi- 
tors, investigated by Novartis, but has now been 
abandoned. It is a nitrile-based compound and 
was a highly selective inhibitor of cathepsin K in 
enzyme assays, but not so selective in living cells, 
an effect attributed to lysosomotropism. Thus, it 
accumulates in lysosomes and can reach inhibi- 
tory levels against other cathepsins that are pres- 
ent in these compartments. 

Two phase II trials (in osteoarthritis and osteo- 
penia/osteoporosis), designed as multicenter, 
randomized, double-blind, placebo-controlled 
studies, were completed, using daily oral doses 
of balicatib (5, 10, 25, or 50 mg for 12 months). 

Although the oral daily doses were generally 
well tolerated, there were a greater number of 
skin reactions, mainly reported as pruritus, in 
patients taking the study medication (particularly 
the 50 mg dose) compared with the placebo 
group. Despite the favorable skeletal endpoints, 
balicatib trials were discontinued due to dermato- 
logic adverse effects, including a morphea-like 
syndrome. These off-target dermatologic events 
might be explained by the lysosomotropism of 
this basic compound, potentially leading to inhi- 
bition of cathepsins B, L, and S expressed in skin 
fibroblasts. 

Relacatib 

Relacatib (SB -462795) is a monobasic, a- 
heteroatom cyclic ketone that nonselectively acts 
on cathepsins K, L, and V and was initially devel- 
oped for oral use by SKB and subsequently by 
GlaxoSmithKline after the companies merged [40]. 
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Clinical studies were discontinued after a 
phase I osteoporosis/osteoarthritis trial showed 
possible drug-drug interactions with paracetamol 
(acetaminophen), ibuprofen, and atorvastatin. 
This adverse profile with medications that are 
commonly prescribed to patients with osteoporo- 
sis and osteoarthritis led to the decision to halt 
the further development of this compound. 

ONO-5334 

ONO-5334 is a hydrazine-based cathepsin K 
inhibitor originally developed by Ono 
Pharmaceuticals in Japan [41]. Phase II results 
have shown efficacy on BMD and biomarkers, 
when dosed daily up to 300 mg [42]. Overall, all 
doses of ONO-5334 were well tolerated, and no 
differences in the rate of dermal or subcutaneous 
adverse events were observed across study 
groups. Despite these potentially encouraging 
results, the company announced in May 2012 
that it was discontinuing development “taking 
into consideration competitiveness as well as 
marketing conditions in osteoporosis area.” 

Odanacatib 

Odanacatib (MK-0822), a non-basic and non- 
lysosomotropic nitrile-based molecule, is cur- 
rently under development by Merck. It is highly 
selective for cathepsin K, compared with other 
cathepsins (B, L, and S) that are widely expressed, 
particularly in the skin. Odanacatib is cleverly 
designed to avoid uptake by lysosomes, thereby 
hopefully also minimizing off-target effects [43]. 
The non-lysosomotropic property is probably 
very important, as is the long half-life (>60 h) in 
humans, which enables once- weekly treatment. 

Phase 2 results have been published and are 
encouraging up to 5 years using once-weekly 
dosing [44]. Overall, all doses were well toler- 
ated and adverse events, with special attention to 
the skin and pulmonary events, were similar in 
the treatment and placebo groups. 

The pivotal phase 3 fracture trial was called 
LOFT (the Long-Term Odanacatib Fracture 


Trial). LOFT is a randomized, double-blind, 
placebo-controlled, event-driven trial. LOFT 
enrolled 16,713 women with osteoporosis, 65 
years of age or older (mean age 73), from 40 
countries, and had been in progress for 5 years 
before the results were presented in 2014 [45]. 
Treatment was with odanacatib 50 mg once a 
week or placebo, and the mean duration of ther- 
apy was 34 months. All patients received vitamin 
D (5600 IU/week) and calcium up to 1200 mg/ 
day, if required. 

The LOFT trial met its primary endpoints and 
demonstrated a significant reduction in the risk of 
three types of osteoporotic fracture (hip, spine, 
and non- vertebral fractures) compared to placebo 
in the primary efficacy analysis and also reduced 
the risk of the secondary endpoint of clinical ver- 
tebral fractures by 72 %. Specifically, there was a 
54 % relative risk reduction of new and worsen- 
ing morphometric (radiographically assessed) 
vertebral fractures and a reduction of 23 % in 
non- vertebral fractures. A total of 237 hip frac- 
tures occurred in this event-driven trial, and 
odanacatib produced a 47 % reduction in hip 
fractures compared with placebo. 

In addition, treatment with odanacatib led to 
progressive increases over 5 years in bone min- 
eral density (BMD) at the lumbar spine and total 
hip, compared to placebo. The change in BMD 
from baseline at 5 years with odanacatib for lum- 
bar spine was 1 1.2 % and for total hip was 9.5 %. 

The rates of adverse events overall in LOFT 
were generally balanced between patients taking 
odanacatib and placebo. Adjudicated events of 
morphea-like skin lesions and atypical femoral 
fractures occurred more often in the odanacatib 
group than in the placebo group. Adjudicated 
major adverse cardiovascular events were gener- 
ally balanced overall between the treatment 
groups. There were numerically more adjudi- 
cated stroke events with odanacatib than with 
placebo. Adjudicated atypical femoral shaft frac- 
tures were reported for 5 patients in the odana- 
catib group (incidence of 0. 1 %) and not reported 
in patients in the placebo group. There were no 
adjudicated cases of osteonecrosis of the jaw. 

There has been an expectation that the 
responses to a cathepsin K inhibitor might be 
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Osteoclasts Are Inhibited in Different Ways by Denosumab, Cathepsin K inhibitors, and Bisphosphonates 
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Fig. 2.5 Scheme to illustrate differences in the way deno- 
sumab, cathepsin K inhibitors, and bisphosphonates act 
on osteoclast differentiation and function. Denosumab 
inhibits osteoclast production, whereas cathepsin K inhib- 


itors do not. Bisphosphonates act both on osteoclast dif- 
ferentiation and function, resulting in impaired resorptive 
activity and persistence of “crippled” osteoclasts 


different from other antiresorptive drugs. In the 
early preclinical and clinical studies with odana- 
catib, the extent of reduction in biochemical 
markers of bone resorption was dose-dependent, 
but the effects on bone formation biomarkers 
seemed less than with other drugs such as 
bisphosphonates or denosumab. This suggested 
that it might be possible to dissociate inhibition 
of bone resorption from a reduction in bone for- 
mation favoring a better response in terms of 
potential fracture reduction (Fig. 2.5). 

The underlying pharmacology and cellular 
actions of cathepsin K inhibitors differ from 
other bone-active drugs. Because these inhibitors 
act on a protease and affect matrix degradation 
rather than osteoclast differentiation or apoptosis, 
the number of osteoclasts and their function 
should not be reduced. This may allow osteoclast 
to osteoblast communication, e.g., via “clasto- 


kine” signaling, that contributes to maintaining 
bone formation while suppressing bone resorp- 
tion. It may also explain why the rebound bone 
loss seems to be rapid and possibly excessive, 
when a patient discontinues treatment. 

If successfully registered, odanacatib will be 
the first cathepsin K inhibitor to enter the market, 
but will have to compete with cheap generic 
drugs especially bisphosphonates, as well as with 
denosumab. 


Other Pharmacological Agents That 
May Act as Resorption Inhibitors 

There are a number of other drugs that are being 
explored as resorption inhibitors. Most of these 
are being derived from knowledge of the genetic 
basis of osteoclast dysfunction in animal models 
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and inherited human diseases. Those mentioned 
below are examples where there is data from clin- 
ical studies, but none of these are yet approved 
for treating osteoporosis or other bone diseases. 

Saracatinib 

The impairment of osteoclast function in src- 
deficient mice provided the rationale for exploring 
the skeletal effects of src kinase inhibitors. The src 
kinase inhibitor saracatinib (AZD0530) was 
shown to inhibit bone resorption in a phase 1 clini- 
cal trial. Despite some side effects, saracatinib is 
still being explored in phase 2 studies for osteosar- 
coma and bone metastases, but not osteoporosis. 

Glucagon-Like Peptide (GLP)-2 

It is known that bone resorption biomarkers fall 
after feeding and there is a circadian pattern in 
bone remodeling which increases at night. One of 
the underlying mechanisms involves the release 
of glucagon-like peptide (GLP)-2, in response to 
food. Administration of GLP-2 is an experimental 
clinical approach to modifying bone loss at night. 

Other Osteoclast Functional Targets 

One approach to inhibiting bone resorption has 
been to target the avp3 integrin involved in the 
attachment of the osteoclast to bone and the for- 
mation of the sealing zone. Antibodies and pep- 
tide inhibitors have been evaluated, but seem no 
longer to be being pursued as serious drug candi- 
dates. Other experimental strategies involve inhi- 
bition of Atp6v0d2, a subunit of v-ATPase that is 
required for acidification by the osteoclast, and 
the voltage-gated chloride channel C1C-7, for 
which an inhibitor NS 373 6 has been shown to 
prevent bone loss in ovariectomized rats. These 
are all theoretical targets for osteoporosis and 
other disorders of bone resorption, but it is not 
clear whether any of them will be developed fur- 
ther for clinical use. 


Nitrates 

Several organic nitrates, which can act as nitric 
oxide donors, have been used in medicine for 
many years for the treatment of angina. There are 
several studies showing that nitric oxide may be 
one of the many locally active mediators pro- 
duced endogenously in bone that can modulate 
bone resorption and formation. 

This has led to an interest in whether nitrates 
might be used in osteoporosis, and this has been 
studied by epidemiological approaches as well as in 
clinical trials [46] . Nitrates appear to increase BMD, 
but effects on fractures are so far inconclusive. 

Headaches are a common adverse event 
among women taking nitrates, and this may limit 
their attractiveness as a potential therapy. 


Vitamin D and Calcium 

The importance of vitamin D and calcium for 
bone health is well known. Any deficiencies or 
insufficiencies of either should be corrected prior 
to giving specific treatments for osteoporosis. In 
addition, the adjustment of the daily calcium 
intake to 1200 mg using diet or supplements and 
ensuring adequate vitamin D (-800 IU/day) to 
maintain a serum 25 -hydroxy vitamin D level 
greater than 20 ng/mL (50 nmol/L) are still rec- 
ommended as part of routine management during 
therapy. In many placebo-controlled trials, there 
is evidence from changes in BMD and bone 
markers that this type of supplementation with 
vitamin D and calcium reduces bone turnover in 
its own right. There is also reasonably good evi- 
dence that vitamin D and calcium supplementa- 
tion may reduce fractures on their own, 
particularly when given to elderly populations 
who may be deficient. 

In most of the pivotal clinical trials of anti- 
osteoporotic treatments with fracture endpoints, 
all patients receive vitamin D and calcium sup- 
plements, so any effects of pharmacological 
interventions on fracture prevention are over and 
above those that can be obtained with vitamin D 
and calcium alone. 
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The routine use of vitamin D and calcium 
supplementation has recently been questioned as 
a result of studies suggesting that there may be an 
increased risk of cardiovascular and other adverse 
events in patients receiving high intakes of cal- 
cium [47] . This topic remains controversial but is 
already having an impact on recommendations 
about how patients should be managed. 


Combination and Sequential 
Treatments 

There are steadily increasing numbers of drugs 
available for the treatment of osteoporosis, 
which increases the number of choices available 
to individual patients. This raises a number of 
questions. One is which drugs should be used 
first for treatment and if there is any preferred 
sequence. Will any of the drugs interfere with 
the action of the next? Furthermore, can drugs be 
used concurrently? 

A full discussion is beyond the scope of this 
chapter, but a few examples will illustrate some of 
the issues. Several clinical studies indicate that 
prior or concurrent treatment with raloxifene or 
with bisphosphonates such as alendronate may 
interfere with the subsequent anabolic response to 
parathyroid hormone (PTH). Interestingly, this 
seems not to occur with zoledronate. Although it 
seems illogical to give two antiresorptive drugs 
concurrently, it does seem that additional reduction 
of bone turnover can be attained when denosumab 
is given after a bisphosphonate. Combining an 
antiresorptive drug with a bone-forming agent has 
attractions, and several examples of success with 
such combinations include the combinations of 
estrogens with PTH and also of zoledronate or 
denosumab with PTH [48]. Such combinations can 
achieve greater changes in BMD than with either 
drug alone but remain experimental and have not 
so far been shown to produce added reductions in 
fractures. Another important example of drug com- 
binations is the use of bone resorption inhibitors to 
preserve the bone gain achieved during finite 
courses of treatment with bone-forming agents 
such as teriparatide or PTH analogues and possibly 
in the future with anti-sclerostin treatment. 


Here, the drugs are used in sequence with, for 
example, bisphosphonates or denosumab being 
used to follow a course of teriparatide [49]. 


Effects of Antiresorptive Drugs 
on Bone Repair Mechanisms and 
Fracture Healing 

There is a widespread assumption that antire- 
sorptive drugs might impair fracture healing. 
This has not been borne out in practice. From the 
earliest days of bisphosphonate research, this 
issue has been explored experimentally and clini- 
cally. There are reassuring reports that show this 
is not a problem in several animal models unless 
very high doses of BPs are used. Furthermore, in 
the major clinical studies with the antiresorptive 
drugs, there has been no evidence of delayed 
fracture healing or malunion. 

The biology of fracture healing is now well 
understood [50], and there is great interest in 
finding therapeutic strategies to improve the pro- 
cess [51]. The temporal sequence of events 
involves vascular invasion, production of a carti- 
laginous callus, and its subsequent ossification. 
There is no early stage in this process at which 
antiresorptive drugs would be expected to impair 
the process. It is only during the latter stages of 
remodeling of the calcified callus that one would 
expect antiresorptive drugs to have an impact. 

In contrast to these concerns, there are now 
several reports suggesting that BPs may actually 
enhance fracture repair [52], probably by stabi- 
lizing the fracture callus [53]. 


Other Uses of Antiresorptive Drugs 

There are in fact many potential applications of 
BPs in orthopedics [54]. These include protection 
against loosening of prostheses [55], better inte- 
gration of biomaterials and implants [56], 
improved healing in distraction osteogenesis, and 
conserving bone architecture in hips affected by 
Perthes disease or osteonecrosis [57]. 

Another potential application of antiresorp- 
tive drugs is in osteoarthritis. The underlying 
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rationale includes modulating the excessive 
subchondral bone remodeling and perhaps pre- 
venting cartilage damage directly. Several studies 
have been conducted with bisphosphonates and 
also with strontium. A reduction in the cartilage 
resorption marker, CTX-II derived from type 2 
collagen, has been seen with several bone antire- 
sorptives, including bisphosphonates, calcitonin, 
and even strontium. This probably represents 
blocking of osteoclast-mediated resorption of 
calcified cartilage. Whether this type of therapy 
is likely to be clinically beneficial in OA is 
still unclear. 


Conclusions and Future Prospects 

Despite the impressive advances that have taken 
place in the past 20 years in the diagnosis and 
management of osteoporosis, we are still a long 
way from being able to offer a “cure” to patients. 
Antiresorptive agents are still the predominant 
therapeutic means we have for preventing bone 
loss and fractures, and reductions of 40-70 % can 
be achieved for vertebral fractures and up to 
~40 % for non- vertebral fractures. The ability of 
current treatments to reduce hip fractures by 
40 % or more in certain groups of patients is 
encouraging in terms of its impact on individuals 
and on health-care costs. 

Is it possible to do better? Clearly improved 
identification of patients at risk and ensuring 
compliance should reduce fractures at a popula- 
tion level. However, it may be hard to achieve 
better anti-fracture efficacy than already reported 
for the bisphosphonates or denosumab. Several 
drugs intended for osteoporosis have failed dur- 
ing clinical development, notably several SERMs 
including lasofoxifene despite favorable effects 
on fractures. Others such as the cathepsin K 
inhibitor, Ono 5334, were suspended from fur- 
ther study, not because of safety or efficacy issues 
but apparently for commercial reasons. 

Will the current efforts being devoted to devel- 
oping new drugs overcome these obstacles [58]? 
It has long been hoped that bone-forming drugs 
would eventually outperform antiresorptives and 
achieving that aspiration now depends on the out- 


come of trials with anti-sclerostin antibodies 
[59, 60]. Sclerostin is an inhibitor of the wnt sig- 
naling pathway [61] and is a physiological regu- 
lator of bone formation. Genetic deficiencies in 
sclerostin lead to marked increases in bone mass 
in the inherited disorders of van Buchem’s dis- 
ease and sclerosteosis. Romosozumab and bloso- 
zumab are anti-sclerostin antibodies, which 
produce rapid and marked increases in BMD. 
These biologies are being evaluated in clinical 
trials, and early data looks promising [62, 63]. 

We have to hope that these new approaches to 
promote endogenous wnt signaling plus the cre- 
ative use of drug combinations will change the 
landscape and encourage further innovation. But 
will the pharmaceutical industry have the appe- 
tite for clinical development programs that would 
take at least 5 years to complete and incur huge 
costs? A glimmer of hope resides on the possibil- 
ity of new drugs having additional applications in 
the management of bone diseases. It should be 
remembered that for preventing skeletal-related 
events in cancer indications, zoledronate and 
denosumab represent the “standard of care” for 
many patients with cancer. There are many other 
unmet medical needs, not only in cancer but also 
including fracture healing, implant fixation, and 
osteoarthritis to name just a few. 
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Summary 

• The only osteoanabolic therapy currently 
available is PTH, but new agents based on 
PTHrp and anti-sclerostin monoclonal anti- 
bodies are being developed. 

• PTH given by once-daily subcutaneous injec- 
tion increases bone mass, improves architec- 
ture of both trabecular and cortical bone, and 
increases bony dimensions, thus reducing ver- 
tebral and non- vertebral fractures significantly. 

• Treatment duration exceeding 2 years pro- 
vides little extra benefit, because bone over 
time becomes refractory to PTH. 

• Due to hypomineralization of newly formed 
bone, DXA will underestimate the amount of 
bone formed when performed early during ther- 
apy. The bone marker PINP provides a better 
assessment of the amount of new bone formed. 

• The main side effects are nausea, headache, 
and vertigo during the first 2-3 weeks follow- 
ing injections. Hypercalcemia, usually very 
marginal, and hypercalciuria may occur, and 
later during therapy, transient extremity pain 
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may ensue. The risk of osteosarcoma is not 
increased. 

• Concomitant use of PTH + antiresorptive drugs 
provides little extra benefit in most cases. 
Sequential administration with antiresorptive 
drugs is, however, needed after discontinuation 
of PTH in order to consolidate bone mass. 

• Anti-sclerostin monoclonal antibodies hold a 
lot of promise as future anabolic agents. They 
seem to provide more pronounced increases in 
BMD than PTH and achieve these increases 
within a shorter period of 6-12 months. 

• PTHrP analogues (e.g. abaloparatide) may 
also provide an alternative to PTH as a future 
anabolic treatment regimen. 


Introduction 

Contrary to antiresorptive agents, which reduce 
fracture incidence by reducing bone turnover, 
thereby reducing bone loss and deterioration of 
cancellous and cortical bone structure, anabolic 
treatments stimulate net accrual of new bone into 
the skeleton and repair deficiencies in cancellous 
and cortical bone architecture. In contrast to the 
antiresorptive drugs, which mainly target osteo- 
clasts and removal of bone, anabolic agents target 
the osteoblast and formation of new bone. By 
stimulating bone formation to a greater extent and 
earlier than bone resorption, creating the so-called 
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anabolic window, anabolic agents have the poten- 
tial to positively affect a number of skeletal prop- 
erties besides bone density. These include 
increased bone size, improved microarchitecture, 
and changes in bone matrix calcification and col- 
lagen cross-linking. They therefore improve bone 
architecture at both the cancellous and cortical 
envelope of the skeleton, an endpoint not shared 
by any of the antiresorptive (anti-catabolic) 
agents. The anabolic agents to be discussed in this 
review include the recombinant PTH(l-34), 
which is currently available in most countries as 
teriparatide (TPTD); recombinant intact PTH(1- 
84), which is not approved in the USA; PTHrP, 
which is still undergoing clinical testing; and anti- 
sclerostin monoclonal antibody, which is cur- 
rently undergoing phase 3 testing. As the majority 
of clinical data are available for TPTD, the 
emphasis of this review will be on this compound. 
It has to be remembered, however, that the clinical 
trial securing approval of TPTD in 2002 (The 
Fracture Prevention Trial) was stopped prema- 
turely due to osteosarcoma findings in a concur- 
rent long-term rat toxicology study. This is 
important because later post hoc subanalyses have 
demonstrated that TPTD further improved both 
vertebral and non- vertebral anti-fracture efficacy, 
when treated for more than 18 months [1]. 


Parathyroid Hormone 
as an Anabolic Agent 

In primary hyperparathyroidism (PHPT), charac- 
terized by chronic, continuous excessive secre- 
tion of PTH, catabolic effects, primarily at 
cortical sites such as the distal 1/3 radius, are 
common in the more severe cases. In milder 
cases, however, cortical bone loss is low, and tra- 
becular bone architecture is actually preserved 
[2]. The pronounced anabolism of intermittent 
administration of the hormone hinges on the 
attainment of a narrow peak of PTH in the circu- 
lation. The peak should not exceed 3 h in width; 
otherwise, the catabolic effects seen in chronic 
hypersecretion tend to predominate [3]. 


When comparing the bone response to inter- 
mittent versus chronically elevated levels of 
PTH, several significant differences emerge at 
the cellular, tissue and organ levels. 

Effects of PTH at the Cellular Level 

The effects of PTH are mediated via binding to 
the PTH/PTH-related protein (PTHrP) receptor 
[4]. The genes that are turned on differ pro- 
foundly with little overlap between intermittent 
and chronic excess [5]. Postreceptor effects 
include activation of the cAMP-dependent pro- 
tein kinase (PK)A and calcium-dependent pro- 
tein kinase C (PKC), the former pathway 
accounting for most of the anabolic action. 
Studies conducted in rodents suggest that the 
anabolic activity of PTH also depends on intact 
P2 adrenergic receptors — a G-protein-coupled 
receptor just like the PTH/PTHrP receptor [6]. 
Generally, G-protein-coupled receptors seem 
intimately associated with bone anabolism [7]. 

Intermittent administration of PTH causes 
upregulation of osteoprotegerin (OPG) and 
downregulation of RANK ligand which promotes 
a reduction in osteoclastic activity, while chronic 
elevated levels of PTH induce the opposite 
changes, thus favoring bone resorption [8]. 

Intermittent administration of PTH enhances 
bone formation through the suppression of 
sclerostin, dickkopf protein 1 (DKK1), and 
sFRPl, all inhibitors of canonical Wnt-P signal- 
ing. As osteocytes contain the highest levels of 
SOST/sclerostin, they have been implicated as 
important participants in this pathway [9]. 
Moreover, recent data suggest that a newly iden- 
tified osteoblast differentiation factor, Tmemll9, 
may be mediating PTH-induced increases in 
osteoblastic P-catenin levels [10, 11]. 

Additional cellular effects, which have been 
identified, include increased osteoblast prolifera- 
tion and differentiation, decreased osteoblast 
apoptosis, and blunting the negative effects of 
peroxisome proliferator activator (PPARy) recep- 
tor on osteoblast differentiation [12]. 
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Effects of PTH at the Tissue Level 

Intermittent administration causes increased 
osteoblastic activity without increasing cell pro- 
liferation, which likely results from dedifferenti- 
ation of bone lining cells into a more active 
bone-forming phenotype. This leads to deposi- 
tion of bone without previous resorption and the 
formation of smooth cement lines [9, 13, 14]. 
These changes are not seen with continuously 
elevated PTH levels (Fig. 3.1). 

While remodeling balance in moderate pri- 
mary hyperparathyroidism is neutral [15], 
intermittent administration of PTH causes over- 
filling of resorption lacunae (Fig. 3.1). Based 
on the histological studies conducted so far, the 
remodeling-based bone accretion seems to super- 
sede modeling-based accretion [16, 17]. 

Intermittent administration of PTH also induces 
increases in IGFs and other anabolic growth fac- 
tors (BMPs, cbfal), and the increased IGF-1 levels 
have been implicated in PTH-induced stimulation 
of hematopoiesis [18]. A similar role has also been 
proposed for the newly discovered nuclear matrix 
protein 4/cas interacting zinc finger protein 
(Nmp4/CIZ) [19]. Immunohistochemical studies 
on human bone biopsies have demonstrated 
increased levels of IGF-2 in the bone matrix after 
PTH treatment [5, 17]. 

Recent data suggest that bone formation 
induced by osteocytic PTH receptor signaling on 


the periosteal surface depends on Wnt signaling 
but not on resorption, while bone formation on 
the endocortical surface results from a combina- 
tion of Wnt-driven increased osteoblast number 
and modulation of osteoclast-osteoblast cross 
talk [20]. 

Bone histomorphometry studies after therapy 
with PTH reveal increased remodeling as 
reflected in increased osteoid synthesis, mineral- 
ization of bone surfaces, and increased osteoblas- 
tic vigor as reflected by an increased distance 
between double tetracycline labels [21]. The 
increased bone formation eventually results in 
pronounced improvements in cancellous and cor- 
tical bone. Cancellous bone volume increases by 
an average of 35 %, and trabecular connectivity, 
which is reduced in osteoporosis, is improving as 
well. Also, trabecular number increases, and tra- 
becular morphology returns to a more platelike 
appearance as seen in younger individuals and 
different from the more rodlike shape of osteopo- 
rotic bone. Cortical thickness and cortical cross- 
sectional area also increase, which is an effect not 
seen with antiresorptive treatments [22]. 
Quantitative CT (QCT) has also corroborated 
these improvements in cancellous and cortical 
bone structure in vivo [23, 24]. 

Bone matrix formed during PTH treatment 
exhibits less mineralization and less collagen 
cross-links typical of more immature bone [25]. 
Albeit the impact of microcrack accumulation 


Fig. 3.1 PTH causes 
accrual of new bone by 
mainly remodeling- 
based “overfilling” of 
resorption pits ( lower 
panel), but a certain 
degree of modeling- 
based accrual of bone on 
surfaces without 
preceding resorption is 
taking place {upper 
panel ) 
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after antiresorptive treatment on bone quality still 
remains obscure, PTH treatment has been shown 
to reduce microcracks in patients pretreated with 
alendronate [26]. 

Effects of PTH at the Organ Level 

In humans, intermittent administration of teripa- 
ratide leads to a rapid increase in bone formation 
markers followed sometime (usually about 2-3 
months later) by increases in bone resorption 
markers. This sequence of events has led to the 
concept of the “anabolic window,” a period of 
time when the actions of PTH are maximally ana- 
bolic. Bone formation markers peak at 6 months, 
and then they gradually return toward baseline 
over a period of 2-3 years with some interindi- 
vidual variation (Fig. 3.2) [27]. The reasons 
behind this apparent refractory response of 
human bone is largely still unknown, but a treat- 
ment period of more than 14 months seems 
important to maximize anti-fracture efficacy [1]. 

Quantitative radionuclide imaging studies 
using technetium-99m methylene diphosphonate 
[(99m)Tc-MDP] have demonstrated accumula- 
tion of isotope in the calvarium, mandible, spine, 
pelvis, and upper and lower extremities [28]. 
Median increases from baseline in bone turnover 


as assessed with this technique were 22 % at 3 
months and 34 % at 18 months. All subregions 
exhibited increased an accumulation at both time 
points except for the pelvis, and these increases at 
organ level revealed significant positive correla- 
tions to markers of bone formation (BAP and 
PINP). Another study from the same group using 
PET technology demonstrated that the increase 
in bone turnover was more pronounced in corti- 
cal than trabecular bone [29] . 

Another effect seen after treatment with PTH, 
which has not been reported for antiresorptive 
agents, is an increase in bony dimensions. 
Peripheral QC measurements and analyses of hip 
DXA scans have demonstrated a dose-dependent 
increase in cortical thickness, bone perimeter, 
and bending strength in the forearm and hip after 
PTH treatment [30, 31]. Other studies were, how- 
ever, unable to corroborate such increases [24]. 
For vertebral bodies, two studies have reported 
increases in vertebral cross-sectional area (CSA), 
which would potentially lower fracture risk fur- 
ther, but the estimates differ widely ranging 
between 4.8 % [32] and 0.7 % [33]. 

The stimulation of bone formation causes a 
dose-dependent increase in BMD amounting to 
6-9 % over placebo in the spine and 3-6 % at the 
hip with 20 and 40 pg daily dosing after a median 
treatment period of 21 months [34]. At certain 


Fig. 3.2 Changes in a 
marker of bone 
formation (PINP) after 
initiation of therapy with 
PTH(l-34) in 3 patients. 
Note the peak at 6 
months 
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sites rich in cortical bone, such as the distal 1/3 
of the radius, PTH typically does not increase 
bone density. In fact, there may be a small 
decline in BMD. Early BMD assessment at the 
hip usually reveals a decrease too, which then 
gradually reverses into an increase. This is 
mainly caused by an increase in cortical porosity 
accompanying the increase in overall bone turn- 
over and to a lesser extent the formation of new, 
less mineralized bone together with dimensional 
changes. This notion is further corroborated by 
the fact that the maximal decrease in porosity is 
seen after 6 month treatment duration where the 
activation of bone remodeling is at its highest 
[21]. The transient reduction of BMD does not 
translate into decreased bone strength, however, 
because the increased porosity occurs only in the 
inner one third of bone, where the mechanical 
effect is minimal. Moreover, the changes in bone 
geometry and microarchitecture (increased cor- 
tical thickness) more than compensate for any 
potential adverse effects of increased cortical 
porosity on bone strength [35]. 


Effects on Vertebral Strength 

Using FE modeling on QCT imaging from 
patients treated with either PTH(l-34) or alen- 
dronate, Keaveny et al. [36] reported that both 
treatments induced positive effects on vertebral 
strength characteristics (Fig. 3.3). At least 75 % of 
the patients in each treatment group had increased 
strength of the vertebra at 6 months compared 
with baseline. Patients in both treatment groups 
had increased average volumetric density and 
increased strength in the trabecular bone, but the 
median percentage increases for these parameters 
were 5- to 12-fold greater for TPTD. 

Graef et al. [23] studied postmenopausal 
women with established osteoporosis participat- 
ing treatment with TPTD for 12 and 24 months 
in the EUROFORS study. After 12 months, they 
found an increase in apparent BV/TV (app. BV/ 
TV) by QCT of 30.6 ±4.4 % (SE), which was 
paralleled by an increase in apparent trabecular 
number (app. Tb.N.) by 19.0 ±3.2 %. These 
increases were much bigger than those recorded 
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Fig. 3.3 The right panel shows increases in vertebral 
body compressive strength calculated from finite element 
analysis (FEA) in patients treated with alendronate ( white 
bars) and teriparatide ( hatched bars). Left panel shows the 
improvements in modulus derived from FEA in a patient 


at baseline after being treated with TPTD for 18 months. 
From Keaveny TM et al. Journal of Bone and Mineral 
Research 2007;22(l):149-57. Reprinted with permission 
from John Wiley and Sons 
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Placebo Group TPTD20 Group 



Fig. 3.4 Distribution of vertebral compression fractures 
classified as either mild (20-25 % compression [SQ1]), 
moderate (25-40 % compression [SQ2]), and severe 


for areal and volumetric BMD — 6.4 % and 
19.3 %, respectively. After 24 months, they 
found an increase of app BV/TV by 54.7 ± 8.8 %, 
while volumetric BMD and areal BMD increased 
by 19.1 ±4.0 % and (10.2±1.2 %), respectively. 
FE analysis of the 24-month data revealed 
increases in bone strength by 28 % in compres- 
sion and bending. These results are further cor- 
roborated by the virtual absence of severe 
vertebral (SQ3) fractures in patients treated with 
PTH (Fig. 3.4). 

Effects on Hip Strength 

Keaveny et al. [37] performed finite element 
analysis on the Hip QCT scans of 162 subjects in 
the PATH trial to assess changes in femoral 
strength after treatment with alendronate (ALN) 
or PTH(l-84) or combinations (CMB) thereof in 
year 1. During year 2, patients were switched to 
either ALN or placebo (PLC) in the following 
groups: PTH-PLC, PTH-ALN, CMB-ALN, and 
ALN-ALN (year 1-year 2) treatments. After 
year 1, femoral strength increased significantly 
for both PTH and ALN, and after year 2, signifi- 
cant changes were seen for all groups except 


(>40 % compression [SQ3]). Based on data from the piv- 
otal PTH(l-34) trial [34] 


PTH-PLC, with the most pronounced increase 
seen in patients treated with PTH-ALN (7.7 %). 

In the EUROFORS study, Borgrefe et al. [24] 
studied the changes in bone distribution, geome- 
try, and bone strength of the femoral neck (FN) in 
52 postmenopausal women with severe osteoporo- 
sis. They studied three subgroups: treatment-naive, 
pretreated, and pretreated showing an inadequate 
response to treatment. After 24 months of TPTD 
treatment, volumetric FN BMD increased signifi- 
cantly by 4.0 % and 3.0 %, respectively, compared 
with baseline. Decreases in cortical volumetric 
BMD occurred in locations not adversely affecting 
minimum bending strength indicators. Cortical 
cross-sectional area increased by 4.3 % and indi- 
cated that endosteal but no periosteal growth was 
observed. Strength parameters for buckling 
improved significantly at 24 months. Measures of 
bending strength showed a trend toward improve- 
ment, and the changes tended to be larger in indi- 
viduals at higher risk of buckling failure. In this 
study, prior antiresorptive treatment was not found 
to affect treatment results significantly. 

In another analysis of the same EUROFORS 
cohort, Poole et al. [38] mapped small changes in 
cortical bone distribution in 69 women with severe 
osteoporosis after treatment with TPTD for 2 years. 
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Changes in cortical thickness were recorded in each 
subject by subtracting the baseline thickness distri- 
butions from the distributions obtained at 24 
months. Interestingly, the analyses demonstrated 
that new bone was being targeted to regions, which 
encounter high stress during normal locomotion 
(i.e., the inferomedial junction of the cortex with the 
load-bearing calcar femorale and the head-neck 
junction of the superior cortex) — both sites com- 
monly involved in hip fracture. These findings sug- 
gest that mechanical stimulation may enhance local 
actions of PTH and are in keeping with PTH acting 
as a modulator of osteocytic mechanosensing and 
sclerostin secretion as outlined above, 


Effects of PTH(1-34) (Teriparatide 
[TPTD]) in Postmenopausal 
Osteoporosis 

In the pivotal PTH trial by Neer et al., women with 
severe osteoporosis were treated with subcutane- 
ous injections of placebo or 20 or 40 pg of teripa- 
ratide (TPTD) [17]. The average number of 
fragility fractures per patient was over 2, defining 
the population as high risk. Over a follow-up 
period of 21 months, BMD increased by an aver- 

Vertebral fracture 


age of 10-14 %. Femoral neck BMD also 
improved, but more slowly and to a lesser extent 
(approximately 3 %). The incidence of new verte- 
bral fractures was reduced by 65 % with the 20 pg 
dose. The overall incidence of new non- vertebral 
fractures was reduced by 35 % with the 20 pg 
dose. When examining non- vertebral low trauma 
fragility fractures separately, a reduction of 53 % 
was demonstrable. The higher, 40 pg dose, used in 
the trial did not further enhance the anti-fracture 
efficacy. Hip fracture incidence was not analyzed 
separately because the study was not sufficiently 
powered to examine this endpoint [34]. When 
evaluating these results, it is worth noting, how- 
ever, that the effect sizes emerging were the result 
of an incomplete trial as the trial was stopped 
abruptly due to an increased risk of osteosarcoma 
identified in a long-term toxicology study in rats. 
This means that the results were obtained in 
patients with huge variations in treatment dura- 
tion. The potential anti-fracture efficacy of TPTD 
in patients treated was shown in a post hoc analy- 
sis by Lindsay et al. [1], where patients receiv- 
ing more than 18 months of treatment with 
teriparatide revealed a 90 % relative risk reduc- 
tion in vertebral fractures and a 75-80 % relative 
risk reduction in non- vertebral fractures (Fig. 3.5). 

Non - vertebral fracture 



Months on therapy 



Fig. 3.5 Post hoc analysis of fracture data obtained in the 
pivotal PTH(l-34) trial by Neer et al. [34]. Vertebral ( left 
panel ) and non- vertebral (right panel ) fracture incidences in 
patients treated with the marketed 20 pg dose were analyzed 


according to duration of treatment in the trial. With increas- 
ing duration, a progressive reduction of both fractures was 
observed. From Lindsay R et al. Osteoporos Int. 2009; 
20(6): 943-8. Reprinted with permission from Springer 
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Fig. 3.6 Trabecular bone density of lumbar vertebrae as 
assessed by quantitative computerized tomography (QCT) 
and bone formation as reflected in serum levels of bone- 
specific alkaline phosphatase in men treated with alendro- 
nate and PTH as monotherapy or combination of the two. 


Note the reduced BMD and the blunted marker response 
in the combination group treated with PTH + alendronate. 
From Finkelstein JS et al. The New England Journal of 
Medicine. 2003;349(13): 1216-26. Reprinted with permis- 
sion from Massachusetts Medical Society 


The latter effect should be compared to the 
20-25 % reduction seen in the trials using the 
newer parenteral antiresorptives like zoledronic 
acid and denosumab [39, 40]. The pronounced 
effects of TPTD on severe vertebral compression 
fractures (Fig. 3.6) are probably the main reason 
behind the significant reduction in back pain dem- 
onstrated in several studies [34]. Further post hoc 
analyses revealed that the reduction in fracture 
incidence due to teriparatide was not related to the 
number, severity, or site of previous fractures [41] 
and was largely independent of age and initial 
BMD [42]. 

Two observational studies in Europe, EFOS 
and EUROFORS, have studied effects of TPTD on 
back pain and quality of life. With the necessary 
reservations related to the design of both studies 
(observational and open label, respectively), sig- 
nificant improvements in bone mass, reductions in 
back pain, and improvements of quality of life 
after 18 and up to 36 months of treatment were 
reported. 

The European Forsteo Observational Study 
(EFOS) enrolled 1648 women with postmeno- 
pausal osteoporosis in order to examine the effec- 
tiveness of teriparatide. The women were treated 
for up to 18 months in clinical centers in eight 
European countries. All participants were TPTD 
treatment-naive, but 91.0 % of them had previ- 


ously received other anti-osteoporosis drugs. 
After both 18 and 36 months of treatment, sig- 
nificant reduction in back pain and improvements 
in quality of life were demonstrable [43, 44]. 

EUROFORS was a prospective, controlled, 
randomized, open-label, 2-year study, which 
enrolled 868 postmenopausal women with osteo- 
porosis and a recent fragility fracture. The 
women were treated at clinical centers around 
Europe. After 12 months of teriparatide (20 pg/ 
day), 507 patients were randomized to another 
12 months with either teriparatide (ft = 305) or 
raloxifene 60 mg/day (ft = 100). After 2 years of 
treatment, TPTD caused a significant increase in 
BMD of 10.5 % [45] and significant reduction in 
back pain as assessed with visual analog scales 
(VAS) [46]. 

Effects of PTH(1-84) 
in Postmenopausal Osteoporosis 

PTH(l-84) has been the object of a limited num- 
ber of studies. In a preliminary clinical trial, pre- 
paratory to the definitive clinical trial, subjects 
were administered placebo or 1 of 3 doses of 
PTHQ-84): 50, 75, or 100 pg for 12 months [47]. 
These data demonstrated both time- and dose- 
related increases in lumbar spine BMD. Similar 
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to the teriparatide studies, bone turnover markers 
rose quickly. Histomorphometric analyses of 
bone biopsy specimens confirmed an anabolic 
response to PTH(l-84) with an increase in bone 
formation and improvements in cancellous bone 
architecture [48]. PTH(l-84) was found to 
reduce the risk for new or worsening vertebral 
fractures by 40 % [49]. Contrary to the results 
obtained in the teriparatide trial, no reduction of 
non- vertebral fractures was seen with PTH(1- 
84), however. This study used a higher overall 
dose of PTH [100 pg PTHQ-84)], which on a 
molar basis is equivalent to 40 pg of PTH(l-34). 
Not surprisingly, this higher dose also resulted in 
far more adverse events and discontinuations due 
to hypercalcemia [49]. Moreover, the population 
tested in this study also had a lower overall risk of 
osteoporotic fracture. In contrast to the study by 
Neer et al. in which the average number of fragil- 
ity fractures in subjects at baseline was >2, the 
incidence in the PTH(l-84) study was only 19 %. 
This difference in baseline fracture status, 
together with the higher dose, may have contrib- 
uted to the lack of demonstrable effects on non- 
vertebral fractures. 


Teriparatide in Men 
with Osteoporosis 

For most osteoporosis agents, the studies on men 
are smaller and mainly rely on bridging from 
studies on changes in bone mineral density in 
women. In the first study that evaluated the 
effects of PTH in men, Kurland et al. randomized 
23 men to 400 U/day of teriparatide (equivalent 
to 25 pg/day) or placebo for 18 months [50]. The 
men treated with teriparatide demonstrated a 
13.5 % increase in lumbar spine BMD and a 
2.9 % increase in femoral neck BMD. Cortical 
bone density at the distal radius did not change as 
compared to placebo. In a larger trial of 437 men 
by Orwoll et al. [51], BMD increased signifi- 
cantly in the 20 pg treatment group by 5.9 % at 
the lumbar spine and by 1.5 % at the femoral 
neck independent of gonadal status. This study 
was shortened to 1 1 months due to emergence of 
osteosarcoma data in rats, but the magnitude and 


time course of BMD increases at the lumbar 
spine and hip over the 11 months of the study, 
were superimposable on the time course seen in 
the postmenopausal women studied by Neer et al. 
in the pivotal study [34]. In a follow-up observa- 
tional period of 30 months, 279 men from the 
original cohort had lateral spine X-rays 18 
months after the treatment was stopped. When 
combining fracture assessment in the combined 
treatment groups (20 pg and 40 pg), the risk of 
vertebral fracture was reduced nonsignificantly 
by 51 % (P = 0.07), but when only moderate or 
severe fractures were considered, significant 
83 % fracture risk reductions were found (6.8 % 
vs. 1.1 %; P<0.02) [52]. When evaluating these 
fracture reductions, one has to keep in mind that 
a substantial number (25-30 %) of study subjects 
reported use of antiresorptive agents during the 
follow-up period. 


PTH in Secondary Osteoporosis 

In secondary osteoporosis characterized by severe 
impairment of bone formation such as in gluco- 
corticoid-induced osteoporosis (GIO), PTH 
should theoretically be more effective than antire- 
sorptive agents, because it more specifically 
affects the primary defect of these diseases being 
impaired bone formation. This was indeed shown 
to be the case in a recent study. Saag et al. [53] 
compared teriparatide with alendronate in 428 
women and men with GIO (22-89 years of age) 
and glucocorticoid treatment for at least 3 months 
(dose >5 mg prednisolone equivalents daily or 
more). Patients received either teriparatide (20 pg/ 
day) or alendronate (10 mg/day) for 18 months. In 
the teriparatide group, the increase in BMD was 
higher than in the alendronate group (7.2 ±0.7 % 
vs. 3.4 ±0.7 %, P< 0.001). Although the trial was 
not powered to assess differences in fracture rates, 
pronounced differences in vertebral fractures 
were demonstrable, however. Patients in the terip- 
aratide group suffered fewer vertebral fractures 
than patients treated with alendronate (0.6 % vs. 
6.1 %, P= 0.004), while the incidence of non- ver- 
tebral fractures was similar in the two groups 
(5.6 % vs. 3.7 %, P=0.36). In the 18-month 
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extension study, the difference in fracture risk 
between the two groups was maintained. 

The EuroGIOPs trial [54] compared changes 
in BMD in 92 men (mean age 56 years) who had 
been treated with glucocorticoids (GC) for >3 
months and a T-score < -1.5 standard deviations 
at baseline. Subjects were then randomized to 
receive either teriparatide or risedronate for 18 
months. At endpoint, trabecular BMD by QCT 
increased by 16.3 % in the TPTD group vs. 3.8 % 
in subjects treated with risedronate (P= 0.004). 
High-resolution QCT analyses revealed improve- 
ments in both trabecular and cortical structural 
indices, and finite element analyses showed 
larger improvements in vertebral strength. 
Although this study, like the Saag study [55], was 
insufficiently powered for evaluation of fracture 
incidence studies, it is noteworthy that none of 
the patients on teriparatide but five on risedronate 
developed new clinical fractures (P= 0.056). 


Indications for PTH 

Teriparatide is used in postmenopausal women 
and men with osteoporosis who are at high risk 
for fracture. It is an injectable drug, so patients 
have to be able to self-administer a daily subcuta- 
neous pen injection. However, the technique of 
administration of teriparatide has been success- 
fully taught to very old patients. Patients with 
prevalent osteoporotic fractures before treatment 
are good candidates for therapy as they carry a 
much higher risk of fracture as compared to 
patients without fractures and a T-score below 
-2.5. Moreover, this risk increases progressively 
with both the number and severity of fractures. 
Thus, teriparatide is clearly indicated in severe 
manifest osteoporosis with multiple prevalent 
low energy fractures. A very low T-score on its 
own (e.g., < -3.5), even without an osteoporotic 
fracture, also confers a high risk for fracture. 
Patient age is also important as for any T-score, 
the older the patient, the greater the risk. Due to 
the high risk of subsequent fracture in patients 
with multiple (> 3-4) or severe (> 40 % compres- 
sion) vertebral fractures, PTH should also be 
considered in these groups. Certainly, patients 
who fracture while on antiresorptive therapy are 


good candidates for teriparatide. Other potential 
candidates for teriparatide include patients for 
whom one might consider a bisphosphonate, but 
who cannot tolerate the drug, and finally, severe 
osteoporosis in younger individuals in the thirties 
or forties also may constitute an indication for 
PTH therapy. These individuals have a long life 
ahead of them, and it seems logical to add bone to 
the skeleton to reduce their future risk of fracture, 
instead of just preserving bone mass and stabiliz- 
ing the skeleton with antiresorptive regimens. 


Monitoring PTH Therapy 

Assessment of bone mass by DXA in the early 
phases generally leads to underestimation of new 
bone formed due to the relative hypomineraliza- 
tion of newly formed bone [21, 56]. The increase 
in turnover and porosity, which reaches its maxi- 
mum at 6 months [21], will also contribute to a 
decreased DXA response early on. Therefore, 
DXA measurements will tend to underestimate 
skeletal responses during early phases of PTH 
therapy. Later DXA measurements will suffer 
less from the biases associated with the early 
phases of PTH therapy and are therefore useful 
after 1 year of therapy as well as during sequen- 
tial treatment with antiresorptive agents. 

Assessment of bone markers is more informa- 
tive than DXA in the early phases of PTH ther- 
apy. PINP (Type I procollagen N-terminal 
propeptide) has emerged as the most dynamic 
and specific bone turnover marker for monitoring 
PTH effects in vivo, but markers like bone- 
specific alkaline phosphatase and osteocalcin 
will also increase significantly [57]. Further sup- 
porting the use of bone markers is the fact the 
initial increases between 1 and 6 months in bone 
markers, in particular PICP and PINP, predict 
subsequent improvements in bone structure [58] 
and BMD increases [59, 60]. 

In the EUROFORS study, Stepan et al. dem- 
onstrated significant correlations between 
3 -month increases in PINP and 24-month 
increases in Ac.F. Following 3 months of treat- 
ment, increases in PINP predicted the increase in 
Ac.F. (r=0.52, P<0.01) and OS (r=0.54, 
PcO.Ol) after 24 months [61]. 
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Sequential and Combination 
Therapy with Teriparatide 
and Antiresorptive Agents 

Prior Use of Antiresorptive Drugs 

As candidates for anabolic treatment often have 
been treated with bisphosphonates or other anti- 
resorptive agents, it is important to consider 
whether such treatment affects the bone-forming 
effects of PTH. 

Prior treatment with raloxifene has been shown 
to leave the BMD response to TPTD unperturbed, 
and markers of bone formation increased to a 
similar extent in patients treated with raloxifene + 
TPTD and TPTD alone [62, 63]. 

Cosman et al. treated postmenopausal women, 
previously given estrogen for at least 1 year, with 
teriparatide (25 pg) [64]. Lumbar spine BMD 
increased in a linear fashion during the entire 
3-year study and reached a maximum of 13.4 % 
after 2 years. Moreover, solid stimulation of bone 
markers was demonstrable. Thus, no blunting of 
TPTD anabolism was demonstrable. 

Pretreatment with alendronate has, however, 
been shown to blunt PTH anabolism. This is 
reflected in an inferior BMD response and 
reduced stimulation of markers of bone forma- 
tion [63]. Another study, however, showed a good 
response to teriparatide with rapid increases in 
BMD [65]. These results imply that the potency 
of the antiresorptive regimen to control bone 
turnover can determine the early response to 
teriparatide. To account for these differences, it is 
important to note that the baseline bone turnover 
markers prior to the initiation of teriparatide ther- 
apy were markedly different in the two studies. In 
the study by Ettinger et al., bone turnover mark- 
ers were almost completely suppressed, while the 
women in the study by Cosman et al. exhibited 
less suppression. Thus, it may not be the specific 
antiresorptive agent used prior to teriparatide, 
which determines the subsequent skeletal 
response but rather the extent to which bone turn- 
over is reduced by this agent. To support this 
idea, the response to teriparatide has been shown 
to be a function of the level of baseline bone turn- 
over, with higher turnover levels achieving more 
robust densitometric responses [50]. 


In the EUROFORS trial, postmenopausal 
women with established osteoporosis were ran- 
domized to receive open-label teriparatide 20 pg/ 
day for the first year. In a post hoc analysis, their 
BMD response was assessed according to previ- 
ous osteoporosis treatment as follows: (a) 
treatment-naive, (b) prior treatment with an anti- 
resorptive drug with adequate response, and (c) 
prior antiresorptive treatment with inadequate 
response (inadequate AR-responders) {n- 421). 
In all three groups, BMD increased significantly 
from baseline, but differed slightly between 
treatment-naive patients (8.4 %), patients treated 
adequately with antiresorptive drug (7.1 %), and 
inadequate responders to antiresorptive therapy 
(6.2 %). The same trend was seen for total hip 
BMD, which increased only in treatment-naive 
patients (1.8 %), while remaining unchanged in 
the two other groups [66] . 

Histomorphometric analysis of a subgroup of 
women in this trial revealed that the stimulation 
of bone formation was similar in alendronate pre- 
treated and treatment-naive women. Women pre- 
treated with alendronate exhibited increases in 
activation frequency from 0.11 (cycles/year) at 
baseline to 0.34 cycles/year after 24 months, 
while women who were treatment-naive exhib- 
ited increases from 0.19 to 0.33 cycles/year [61]. 

Thus, the blunting after prior alendronate ther- 
apy previously observed in other trials was 
demonstrable in an open-label study, but less pro- 
nounced. This discrepancy may be due to varia- 
tions in compliance. 

Concomitant Use of Anabolic 
and Antiresorptive Therapy 

The initial decreases in BMD seen early after the 
initiation of PTH therapy at sites rich in cortical 
have not been associated with increased skeletal 
fragility at these sites [67]. Nevertheless, some 
clinicians have considered combination therapy 
with antiresorptive agents as more beneficial than 
monotherapy in high-risk patients. Several trials 
exploring this concept have, however, yielded 
important data pertaining to this concept [68, 69]. 
Several groups have published trials using a form 
of PTH(l-34) or PTH(l-84) alone, alendronate 
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alone, or the combination of PTH and alendro- 
nate. Black et al. studied postmenopausal women 
treated with 100 pg of PTH(l-84)/day [68]. The 
study by Finkelstein et al. treated men with 40 pg/ 
day of teriparatide [69]. Both studies used both 
DXA and QCT to measure areal and volumetric 
BMD. Much to the surprise of proponents of 
combination therapy, the gains in BMD in patients 
treated with PTH alone exceeded densitometric 
gains seen with combination therapy at the lum- 
bar spine and to a lesser degree at the hip (Fig. 3.6). 
Measurement by QCT, in fact, showed that com- 
bination therapy was associated with substantially 
smaller increases in cancellous bone BMD as 
compared to monotherapy with PTH. Bone turn- 
over markers exhibited the expected increases and 
decreases for PTH and alendronate, respectively. 
Subjects treated with combination therapy, how- 
ever, revealed bone marker levels in between the 
two other regimens, indicating a blunting stimula- 
tion of bone formation by PTH. 


LS-BMD 



-O- ZOL+TPTD 
-O TPTD alone 
* £ * ZOL alone 

Fig. 3.7 Changes in lumbar spine BMD (LS-BMD) and 
bone formation as reflected in the bone marker PINP in 
patients treated with a 15 min infusion of the bisphosphonate 
zoledronic acid (ZOL) (5 mg) at day 1 followed by 1 year of 
daily injections with PTH(l-34) (20 pg/day). Contrary to 
what was seen in the trials testing the combination 


It seems, however, that the mode of adminis- 
tration of the bisphosphonate also plays a role. 
Cosman et al. compared the BMD and bone 
marker response to combined therapy with once- 
y early zoledronic acid (5 mg) and daily PTH(1- 
34) with the response seen in patients treated with 
either agent alone [70]. Contrary to the findings of 
the studies using orally administered bisphospho- 
nate, the combination of intravenous bisphospho- 
nate and PTH yielded superior BMD responses at 
the hip and spine over those seen in patients 
treated with either agent alone (Fig. 3.7). Bone 
markers revealed an initial reduction of formation 
markers as seen with oral bisphosphonates, but 
over time these markers increased and approached 
markers levels in patients treated with PTH alone 
within a year, much different from the constant 
suppression of bone formation seen in the combi- 
nation group with PTH and alendronate. 

Recent data testing the combination of TPTD 
and denosumab show data similar to those 



Weeks 

*P<0.001 vs TPTD alone + ZOL alone 
^<0.001 vs ZOL alone 

PTH + alendronate, ZOL did not blunt the BMD response in 
the combination group (PTH + ZOL). After an initial 
decrease, bone formation in the combination group picked 
up and reached the level seen in patients treated with PTH 
alone. From Cosman F J Bone Miner Res. 2011;26(3):503- 
11. Reprinted with permission from John Wiley and Sons 
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obtained for IV zoledronic acid with the best 
BMD response in patients treated with the com- 
bination of TPTD and denosumab [71]. PINP, 
however, remained suppressed throughput the 
treatment period. 

Sequential Use of Anabolic 
and Antiresorptive Therapy 

Several different sequential regimens using PTH 
and bisphosphonates have been published. 
Cosman et al. studied adding (i.e., concomitant 
treatment) vs. switching (i.e., sequential treat- 
ment) in women either treated with alendronate 
or raloxifene. They reported that the BMD 
responses were superior in women where PTH 
was added, while the biochemical response was 
better in the switch group. Similarly, Black et al. 
reported the results of a 2-year study where iban- 
dronate was either given together with PTH for 6 
months followed by monthly ibandronate alone 
for 1 8 months or PTH was given 3 months every 
year, followed sequentially by monthly ibandro- 
nate. In this study, concomitant therapy led to 
impaired bone marker responses, while the BMD 
response was similar in the two groups. 

In conclusion, it seems that treatment with 
weak antiresorptives (raloxifene and estrogen) 
does not significantly blunt the anabolic effect of 
PTH. Concomitant and to a lesser degree sequen- 
tial administration of potent antiresorptive drugs, 
however, reduces the osteoanabolic action of 
PTH as reflected in inferior PINP responses. The 
BMD response is highly variable, with alendro- 
nate + PTH showing inferior responses to PTH 
alone, ibandronate being neutral, while zole- 
dronic acid and denosumab show improvements 
in BMD response over PTH alone. The improve- 
ments in BMD responses seen for the two latter 
drugs cannot be ascribed to increased anabolism, 
as PINP is down. Thus, the most likely explana- 
tion is a reduction in remodeling space induced 
by the two drugs. Concomitant treatment with 
PTH and antiresorptive drugs should therefore be 
reserved to extreme cases of secondary osteopo- 
rosis, where the underlying disease may blunt 
PTH action (e.g., severe inflammation). 


Consequences of Discontinuing 
PTH Therapy 

After discontinuation of PTH, bone mass will 
return to levels close to baseline within a 2-year 
period (Fig. 3.8) [67, 72]. Several studies have 
suggested that this loss of bone mass after dis- 
continuation can be offset by antiresorptive treat- 
ment with either bisphosphonate [72, 73], 
estrogen [74], or raloxifene [45, 62]. 

The PATH study provided further prospective 
data to address this issue [75]. In this study, post- 
menopausal women who had received PTH(l-84) 
for 12 months were randomly assigned to 12 addi- 
tional months of therapy with 10 mg of alendro- 
nate daily or placebo. In subjects who received 
alendronate, BMD at the lumbar spine increased 
further by 4.9 %, while those who received pla- 
cebo experienced a substantial decline in BMD. By 
QCT analysis, the net increase over 24 months in 
cancellous bone BMD among those treated with 
alendronate after PTH(l-84) was 30 %. In those 
who received placebo after PTH(l-84), the net 
change was only 13 %. There were similar differ- 
ences in hip BMD, with patients treated with alen- 
dronate exhibiting 13 % increase vs. 5 % increase 
in patients on placebo. 

Prince et al. studied a cohort of patients for 
30 months following the pivotal PTH trial. After 
discontinuation of PTH(l-34), subjects were 
given the option of switching to a bisphospho- 
nate or not taking any further medications fol- 
lowing teriparatide. A majority (60 %) of 
patients was treated with antiresorptive therapy 
after PTH discontinuation [72]. Gains in bone 
density were maintained in those who chose to 
begin antiresorptive therapy immediately after 
teriparatide (Fig. 3.8). Reductions in BMD were 
progressive throughout the 30-month observa- 
tional period in subjects who elected not to fol- 
low teriparatide with any therapy. In a group 
who did not begin antiresorptive therapy until 6 
months after discontinuation of teriparatide 
(Fig. 3.8), major reductions in BMD were seen 
during these first 6 months, but no further reduc- 
tions were observed after initiation of antire- 
sorptive regimens [67]. Despite the loss of bone 
mass in a substantial proportion of patients after 
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No antires. 

Antires. 6 mo after disc. 
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Fig. 3.8 Changes in bone mineral density (BMD) in three 
groups after discontinuation following therapy with terip- 
aratide (, shaded area)'. (1) no antiresorptive after discon- 
tinuation (< dotted line), (2) initiation of antiresorptive 
treatment 6 months after discontinuation ( broken line), (3) 
initiation of antiresorptive immediately after discontinua- 


tion (continuous line). Note the additional increase in 
BMD after antiresorptive treatment. Sixty percent 
received some kind of osteoporosis treatment after discon- 
tinuation, mainly bisphosphonates. From Prince R et al. 
Journal of Bone and Mineral Research 2005 ;20(9): 1507-13. 
Reprinted with permission from John Wiley and Sons 


the discontinuation of teriparatide, vertebral and 
non-vertebral fracture rates remained reduced 
for as long as 3 1 months after discontinuation in 
women previously treated with PTH (with or 
without a bisphosphonate) as compared with 
those treated with placebo (with or without a 
bisphosphonate; PcO.03). 

Following the initial trial testing of the effect 
of PTH(l-34) in estrogen-treated postmeno- 
pausal women, 52 women were randomly 
assigned to remain on hormone therapy (HT) 
alone or continue PTH + HT. Women continu- 
ing PTH + HT showed an increase in bone mass 
over baseline after 3 years by 13.4 % in the 
spine and by 4.4 % in the total hip. In women 
discontinuing PTH, but continuing HT, bone 
density did not increase but remained stable for 
1 year after discontinuation without any signifi- 
cant loss, as did bone markers. PTH + HT 
reduced vertebral fractures from 37.5 % to 
8.3 % (P<0.02). 


Raloxifene and estrogen also preserve bone 
mass after discontinuation of PTH. In the 
EUROFORS study, Eastell et al. reported a pres- 
ervation of bone mass after discontinuation of 
PTH therapy for 1 year, while patients receiving 
calcium + D supplementation alone lost 2.8 % at 
the spine and 2 % at the hip in year 2 [45]. The 
study compared changes in BMD obtained in 
three groups of postmenopausal women with 
osteoporosis randomized to (1) continue teripara- 
tide for another year, (2) switch to raloxifene 
60 mg/day, or (3) receive no active treatment for 
the second year. Two years of teriparatide 
increased LS-BMD by 10.7 %. Patients receiving 
raloxifene in year 2 had no further change in 
LS-BMD from year 1, while patients receiving 
no active treatment exhibited a decrease of 2.5 %. 

Based on these results, it has become routine 
to institute treatment with antiresorptive drugs, 
mainly bisphosphonates, after discontinuation of 
PTH after 2 years [45]. 
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Safety of PTH 

Overall, PTH is well tolerated. The main side 
effects of PTH(l-34) and PTH(l-84) are usually 
mild nausea, vertigo, and headache, which appear 
early after initiation of treatment and usually 
resolve over a few weeks [34]. These effects are 
mostly caused by PTH-induced vasodilation. 

Effects on Calcium Metabolism 
and Serum Biochemistry 

Hypercalcemia occurred in 11 % of patients in 
the pivotal teriparatide trial 4-6 h after injection, 
but long-standing hypercalcemia was rare. 
Hypercalciuria was seen in 4.8 to 11 % of women 
during the first 12 months [34]. Hypercalcemia 
and hypercalciuria were more prevalent in the 
PTH(l-84) study affecting 27.8 % and 46 % of 
women, respectively [49]. This difference is 
explained by several factors: (1) inclusion of 
patients with preexisting hypercalcemia and 
hypercalciuria, (2) use of a higher dose (100 pg 
PTH(l-84) is equal to 40 pg of TPTD on a molar 
basis), and (3) the longer serum half-life of 
PTH(l-84). Serum calcium should be measured 
early after initiation of PTH therapy and at regu- 
lar intervals. In clinical practice, using 20 pg 
TPTD hypercalcemia is usually mild and tran- 
sient, but if it persists, the first intervention should 
be discontinuation of calcium supplements, and 
if that does not lead to resolution of the condition, 
PTH should be discontinued for a period of time. 
Progressive hypercalcemia during PTH therapy 
should be considered a sign of other underlying 
disease, in particular malignancy. 

PTH treatment also increased uric acid concen- 
trations, and 3 % of patients exhibited hyperurice- 
mia in the pivotal teriparatide trial [34]. Neither 
the hypercalciuria nor the elevations in uric acid, 
however, lead to an increased risk of kidney stones, 
even in patients with renal impairment [76]. 

Osteosarcoma 

A safety signal, which appears to be unique to 
rodents, is osteosarcoma. The pivotal trial of 


PTH(l-34) was terminated early by the finding 
of increased risk osteosarcoma in Fisher rats 
given very high doses of PTH(l-34) with a treat- 
ment duration close to the lifespan of a rat (2 
years) [77]. It is unlikely that this animal toxicity 
is related to human skeletal physiology [78], and 
no increased risk has ever been demonstrable in 
humans. Growing rats, which were used in the 
toxicology studies, seem severalfold more sensi- 
tive to PTH than monkeys or humans [78]. This is 
also reflected in the fact that continuous treat- 
ment with PTH in rats leads to osteopetrosis [77], 
which is never seen in monkeys or humans, 
where the skeleton gradually becomes refractory 
to PTH over a period of 2-3 years [27, 34]. The 
risk of osteosarcoma after treatment of more than 
one million patients with PTH remains at the 
background level of 1/250,000 [79]. 

Use of PTH in Patients with Previous 
or Current Malignancies 

Increased bone turnover seems to increase the 
risk of bone metastasis from cancers like breast 
and prostate cancer [80], while a decrease in 
bone turnover protects against bone metastasis, 
which is the main underlying cause for the pro- 
tective effects of bisphosphonates in breast and 
prostate cancer [81]. As PTH increases bone 
turnover, it is therefore contraindicated in patients 
with cancers causing bone metastases. Moreover, 
as PTH stimulates Wnt signaling, which is also 
involved in malignant transformation [82], stim- 
ulates hematopoiesis [83], and because certain 
solid tumors may express PTH/PTHrP receptors, 
caution is also warranted in patients suffering 
from other cancers [84]. It has to be emphasized, 
however, that neither the rat toxicology studies 
nor the clinical studies’ data as well as post- 
marketing surveillance have been able to demon- 
strate any increase in non-osseous cancer risk in 
animals or patients treated with PTH [34, 5 1 , 77] . 

Concerns have been raised with respect to the 
PTH-induced increase in bone formation which 
might worsen compression symptoms due to nar- 
rowing of the spinal canal or cranial nerve canals. 
The clinical studies as well as later adverse event 
reporting have not revealed any significant issues 
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pertaining to these issues, and in the EUROFORS 
study, actual increases in spinal canal cross- 
sectional area were reported [33]. 


PTH and the Future 

Less frequent administration of PTH, such as 
once weekly, has been considered as a treatment 
option, but the skeletal response is generally infe- 
rior, and whether the excellent vertebral and non- 
vertebral anti-fracture efficacy is preserved with 
this regimen remains unclear [85, 86]. 

Other modes of administration such as nasal 
and transdermal administration have also been 
considered, but large-scale clinical trials that 
evaluate these options have not emerged. 

Cyclical 3 -month courses of teriparatide dur- 
ing continued alendronate use have been reported 
by Cosman et al. [65]. In comparison to regular, 
uninterrupted teriparatide use, the cyclic admin- 
istration of teriparatide was associated with 
similar densitometric gains. Due to the small 
size of these studies, no fracture endpoints were 
assessed. 

Calcilytics, which induce increases in short- 
term boosts of endogenous PTH from the para- 
thyroids by interacting with the calcium receptor, 
have also been subjected to early phase testing 
[87]. However, no phase 3 trials have been per- 
formed using these agents. 


Parathyroid Hormone-Related 
Peptide 

Parathyroid hormone-related peptide (PTHrP) 
was initially cloned as the dominating agent 
causing humoral hypercalcemia of malignancy 
[88]. It is, however, expressed in a wide variety of 
tissues including the skin, blood vessels, mam- 
mary epithelium, kidney, bone, and cartilage. 
PTHrP is involved in transcellular calcium trans- 
port, but is also pivotal for cartilage development 
and skeletal growth, development of mammary 
epithelium, tooth eruption, and regulation of 
keratinocyte differentiation [88]. 


Horwitz et al. showed anabolic properties of 
PTHrP(l-36) in 2003 in a 3-month trial [89]. 
They reported a 4.7 % increase in BMD in 
patients treated with PTHrP vs. 1.3 % in controls 
on placebo (Ca+D). They also reported an 
increase in osteocalcin, but no significant changes 
in other markers of bone formation or resorption, 
albeit deoxypyridinoline cross-links showed a 
trend toward increase toward the end of the trial. 
A later small-scale, 3-week, dose-finding study 
[90] reported PTHrP to be safe up to doses of 
625 pg/day, while slight hypercalcemia was seen 
at doses of 750 pg/day. Using newer markers of 
bone remodeling including PINP and CTS, the 
study showed the expected increase in PINP, the 
most specific bone marker for assessing PTH 
effects on osteoblasts. Contrary to PTH(l-34) 
and PTH(l-84), however, bone resorption was 
unperturbed, actually slightly reduced. Thus, the 
hypercalcemia seen was ascribed to increased 
l,25(OH) 2 D levels. 

A larger, more recent dose-finding study in 
105 postmenopausal women with low bone den- 
sity or osteoporosis [91] compared daily subcuta- 
neous injections of two doses of PTHrP(l-36) 
(400 and 600 pg/day) to PTH(l-34) (20 pg/day). 
Patients on PTH(l-34) exhibited an increase in 
bone resorption of 90 % over baseline compared 
to 30 % for PTHrP(l-36). The stimulation of 
bone formation as reflected in PINP was, how- 
ever, more pronounced for patients treated with 
PTH(l-34) (171 %) than for the two doses of 
PTHrP(l-36) (46 % and 87 %). No significant 
differences in lumbar spine or hip BMD were 
demonstrable between groups. Patients treated 
with PTHrP exhibited more hypercalcemia 
events than patients treated with PTH(l-34), and 
3 patients treated with 600 pg/day had to have the 
dose reduced. Other adverse events were similar 
between the three regimens. No studies involving 
fracture data have been published for PTHrP yet. 

A novel PTHrP(l-34) analog, abaloparatide 
(BA058), is currently being tested in a phase 3 
study [92]. Previous phase 2 data demonstrated 
increases of 5.2 % and 6.7 % at doses of 40 and 
80 pg, respectively, after 24 weeks. These 
increases were similar to those seen with teripa- 
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ratide (5.5 %). Further increases in a further 
24-week extension study were also reported. As 
with PTH, the most common adverse events were 
influenza and headaches, while serum calcium 
levels were reported to be higher with teripara- 
tide [93]. Separately, positive results using a 
transdermal approach were recently reported. 


Anti-sclerostin Monoclonal 
Antibody 

Sclerostin is produced by osteocytes and acts as 
an inhibitor of osteoblastic bone formation. It is 
thought to modulate bone formation in response 
to mechanosensation by osteocytes, and PTH 
exerts part of its anabolic effects via reducing 
SOST expression [10]. Two diseases charac- 
terized by pronounced increases in bone mass 
and sometimes nerve compression symptoms, 
sclerosteosis and van Buchem disease, are both 
associated with alterations in SOST expression. 
While sclerosteosis is associated with mutations 
in the SOST gene, van Buchem disease is caused 
by a 52 kb deletion downstream of the SOST gene 
that probably affects transcription of the gene. 
Sclerostin inhibits BMP- stimulated bone forma- 
tion, but does not antagonize all BMP responses 
[94]. Two different diseases causing increased 
bone mass, osteopetrosis, and pycnodysostosis 
are characterized by disordered deposition of 
bone matrix and subsequent mineralization, off- 
setting the beneficial effects of increased bone 
mass, causing increased fracture propensity [95, 
96]. In sclerosteosis and van Buchem disease, 
matrix deposition and mineralization seem well 
regulated, causing very solid bone that does not 
break even after major trauma [97]. 

Anti-sclerostin monoclonal antibody has 
proven to be very effective in increasing bone 
mass and improves cortical and cancellous bone 
quality in rodent [98] and primate models [99] 
as well as in humans [100]. In primates, admin- 
istration of anti-sclerostin increases bone mass 
more to levels exceeding those previously seen 
with PTH. Moreover, it seems that modeling and 
periosteal bone formation show more pronounced 
stimulation than that seen with PTH, and the 


increases are achieved over a shorter time span [99, 
101]. Contrary to PTH which gradually over time 
stimulates bone resorption, anti-sclerostin actually 
inhibits bone resorption further amplifying net 
accrual of bone mass. Currently, anti-sclerostin 
antibody is being tested in a phase 3 trial compris- 
ing more than 5000 postmenopausal women with 
osteoporosis being treated for 12 months. The pri- 
mary endpoint will evaluate the incidence of new 
vertebral fractures at 12 months [102]. 

The most extensive data pertaining to effects 
of anti-sclerostin antibody on human bone were 
recently reported by McClung et al. [100], who 
tested the efficacy and safety of anti-sclerostin 
monoclonal antibody developed by Amgen 
(romosozumab) in 419 postmenopausal women 
(55-85 years) with a score of -2.0 or less at the 
lumbar spine, total hip, or femoral neck and -3.5 
or more at each of the three sites). Participants 
were administered monthly doses of romoso- 
zumab (70 mg, 140 mg, or 210 mg) or every 3 
months (140 mg or 210 mg) or placebo. For com- 
parison, two groups received either open-label 
oral alendronate (70 mg weekly) or subcutaneous 
teriparatide (20 pg daily). Patients given 210 mg 
monthly exhibited the biggest increases in lumbar 
spine BMD (11.3 %), compared with a decrease 
of 0.1 % with placebo and increases of 4.1 % 
with alendronate and 7.1 % with teriparatide 
(Fig. 3.9). Romosozumab was also associated 
with significant increases in total hip and femoral 
neck BMD. Bone markers revealed stimulation 
of bone formation and concomitant reduction of 
bone resorption (Fig. 3.9). Thus, anti-sclerostin 
antibody does not cause increased cortical poros- 
ity reducing increases in BMD stemming from 
increases in cancellous bone mass and increased 
cortical thickness. The antibody would rather be 
expected to reduce porosity, further amplifying 
BMD increases. This may be partly responsible 
for the larger increases in BMD compared to 
PTH in this study. In keeping with this notion, 
the relative difference in BMD between PTH 
and romosozumab was more pronounced in the 
hip, which has a larger cortical component than 
the spine. Elevated PINP levels reflecting stim- 
ulation of bone formation persisted longer in 
patients treated with PTH than in patients treated 
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Month 



Fig. 3.9 Changes in lumbar spine BMD (LS-BMD) (a) 
and total hip BMD (TH-BMD) (b) in patients treated with 
anti-sclerostin ( continuous line), PTH ( broken line), alen- 
dronate (< dotted line), and placebo ( dotted-broken line). 

with romosozumab, where PINP levels returned 
to baseline within 6-7 months. Except for mild 
injection site reactions with romosozumab, 
adverse events were similar among groups [100]. 
No evidence of neutralizing antibodies was seen. 
Side effects due to bony overgrowth, character- 
istic for van Buchem disease, are unlikely due to 
the short treatment period. 

Using a different anti-sclerostin antibody 
developed by Eli Lilly (blosozumab), McClung 
et al. [103] investigated the effects of a wide vari- 
ety of dosing regimens using doses ranging from 
7.5 to 750 mg. Dose-dependent increases in bio- 
chemical markers of bone formation were 
demonstrable. Single dosing of 750 mg elicited a 
3.1 % increase in lumbar spine BMD. A maximal 




Month 

The lower panels show changes in PINP (a) and CTX (b). 
Adapted from McClung MR et al. The New England 
Journal of Medicine. 2014;370(5):4 12-20 with permis- 
sion from Massachusetts Medical Society 

increase of 7.7 % was, however, recorded after 
administration of 750 mg every 2 weeks over an 
8-week period. These increases in bone mass 
were paralleled by increases in bone-specific 
alkaline phosphatase and PINP of 200 and 300 %, 
respectively. Previous treatment with bisphos- 
phonate did not seem to inhibit stimulation of 
bone formation. Antibodies against blosozumab 
were detected but did not seem to affect efficacy. 


Conclusion 

Intermittent administration of PTH elicits pro- 
nounced improvements in bone structure in 
patients with osteoporosis and constitutes the 
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only anabolic regimen currently approved for the 
treatment of osteoporosis. The severely impaired 
quality of osteoporotic bone characterized by 
reduced cortical thickness, disrupted cancellous 
bone structure, and reduced mass is reversed by 
PTH therapy, and a significant, albeit variable, 
amount of new bone is added to the skeleton. 
These changes result in a pronounced reduction 
in the risk of vertebral and in particular non- 
vertebral fractures. PTH treatment also signifi- 
cantly reduces back pain. Due to price and mode 
of administration, PTH is generally reserved for 
patients with the most severe osteoporosis includ- 
ing those with multiple or severe fractures and 
very low bone mass, but a more widespread use in 
certain conditions, e.g., GIO, is warranted. While 
sequential therapy with antiresorptive drugs fol- 
lowing discontinuation of PTH is considered 
necessary to preserve bone mass, concomitant 
therapy is rarely indicated. Moreover, if oral 
bisphosphonates are administered concomitantly, 
varying degrees of blunting of the anabolic effect 
may occur. This blunting seems less pronounced 
with IV bisphosphonate like zoledronic acid and 
denosumab. 
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Summary 

• Validated prognostic models for fracture risk 
assessment can guide clinicians and individu- 
als in appreciating the risk of having an 
osteoporosis-related fracture and can inform 
decision-making to mitigate these risks. 

• Fracture probability algorithms that have been 
independently evaluated in at least one cohort 
other than the derivation population include 
the World Health Organization FRAX® tool, 
the Garvan Fracture Risk Calculator, and the 
QResearch Database’s QFracture®. 

• The use of fracture risk prediction tools is 
expanding beyond their role in treatment ini- 
tiation, but data are still limited. For example, 


W.D. Leslie, MD, MSc (M) 

Department of Medicine, St. Boniface General 
Hospital, C5 121-409 Tache Ave., Winnipeg, MB, 
Canada, R2H 2A6 

Departments of Medicine and Radiology, University 
of Manitoba, Winnipeg, MB, Canada 
e-mail: bleslie@sbgh.mb.ca 

L.M. Lix, PhD 

Department of Community Health Sciences, 
University of Manitoba, Winnipeg, MB, Canada 

S.N. Morin, MD, MSc 

Department of Medicine, McGill University Health 
Center, Montreal, QC, Canada 


FRAX appears to be useful in assessing 
individuals on treatment. However, FRAX- 
derived fracture probability is not particularly 
responsive to osteoporosis treatments and 
cannot be recommended as a target for goal- 
directed therapy. 

• Treatment-responsive measures need to be 
identified that can better inform the osteopo- 
rosis management paradigm. 


Introduction 

Osteoporosis is a major risk factor for the devel- 
opment of fractures of the hip, proximal 
humerus, vertebra, and forearm (often termed 
the “major osteoporotic fracture” sites), though 
other skeletal sites contribute to the global frac- 
ture burden in osteoporosis [1]. In the absence 
of a fragility fracture, osteoporosis is typically 
diagnosed from bone mineral density (BMD) 
measured with dual X-ray absorptiometry 
(DXA). The World Health Organization opera- 
tional definition of osteoporosis is a BMD that 
lies 2.5 standard deviations (SD) or more below 
the average mean value for young healthy 
women (T-Score < -2.5) based upon a standard- 
ized reference site (the femoral neck) and refer- 
ence population (National Health and Nutrition 
Examination Survey [NHANES] III data for 
White women aged 20-29 years) [2-4]. 
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BMD measurement from DXA provides a 
relative estimate of fracture risk, increasing 1 .4- 
to 2.6-fold for every SD decrease in BMD [5, 6]. 
Despite the deceptive simplicity of a BMD-based 
approach to osteoporosis management, many 
studies show that most fractures occur in indi- 
viduals who have a BMD T- score above the 
defining cutoff for osteoporosis [1, 7-9]. The 
suboptimal performance of BMD alone for frac- 
ture prediction has led to the development of new 
risk prediction algorithms that estimate fracture 
probability using additional risk factors for frac- 
ture, including demographic and physical charac- 
teristics, personal and family history, other health 
conditions, and medication use. This chapter 
reviews selected risk assessment tools, based 
upon absolute fracture probability, and their 
value in the decision for treatment initiation and 
monitoring. 


Overview of Fracture Prediction 
Tools 

Development of fracture prediction tools should 
ideally follow a systematic and rigorous method- 
ology involving variable selection, model fit eval- 
uation, performance evaluation, and both internal 
and external validation. Procedures for develop- 
ment and validation of fracture prediction models 
are reviewed elsewhere [10-14]. Discrimination 
(the model’s ability to distinguish between indi- 
viduals who do or do not experience the event of 
interest) and calibration (agreement between 
observed and predicted event rates for groups of 
individuals) are key performance aspects in risk 
prediction. The ability of the model to discrimi- 
nate between individuals with and without the 
outcome is commonly assessed using the 
c -statistic [15, 16], which corresponds to the area 
under the receiver operation characteristic (ROC) 
curve for binary outcomes. The c - statistic ranges 
from zero to one, with a value of one representing 
perfect prediction and a value of 0.5 representing 
chance prediction. A value between 0.7 and 0.8 is 
typically considered to demonstrate acceptable 
performance, while a value greater than 0.8 is 
indicative of excellent performance. ROC analy- 


ses are relatively insensitive to additional risk 
information even when the presence (or absence) 
of that information can make a difference in 
determining whether an individual patient lies 
below or above an intervention threshold. For 
example, the addition of a strong but uncommon 
new risk factor (hazard ratio 3.0 with prevalence 
1 %) would only increase the c-statistic from 0.7 
to 0.703, but could easily alter the decision to 
treat an individual with that risk factor [17]. 
Reclassification tables and net reclassification 
improvement statistics help to explore the effect 
of a novel risk factor on performance by describ- 
ing how much more frequently appropriate 
reclassification occurs versus inappropriate 
reclassification [18, 19]. This underscores the 
importance of examining multiple measures of 
discrimination and classification for a fracture 
prediction tool [20, 21]. Both conventional and 
newer methods for assessing discrimination and 
calibration should be considered. External 
validation samples must have sufficiently large 
sample size to assess performance, with data col- 
lected using the same method as for the original 
model derivation. 

This chapter focuses on model-based algo- 
rithms that have been validated in at least one 
cohort independent from the original derivation 
population: the World Health Organization 
FRAX tool, the Garvan Fracture Risk Calculator, 
and the QResearch Database’s QFracture. The 
basic components of these tools are summarized 
in Table 4.1. Tools developed to identify individ- 
uals with low BMD (e.g., SCORE, OST, ORAI) 
do not provide a direct estimate of fracture prob- 
ability and are not discussed further, although it 
is worth noting that some of these have also been 
shown to stratify fracture risk [22-24] . 

FRAX (www.shef.ac.uk/FRAX) 

FRAX was developed by the WHO Collaborating 
Centre for Metabolic Bone Diseases to estimate 
an individual’s 10-year probability of major 
osteoporotic fracture (composite of the clinical 
spine, hip, forearm, and proximal humerus) and 
hip fracture [25]. The input variables were 


Table 4.1 Fracture risk prediction tools and their potential for intervention or pharmacologic response 
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BM1 body mass index, BMD bone mineral density, HRT hormone replacement therapy, COPD chronic obstructive pulmonary disease 
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FRAX® WHO Fracture Risk Assessment Tool 


CatCiiEatiDn Toot 


Calculation Tool 

Please answer the questions below to calculate the ten year probability of fracture with 8 MO. 
Country: US (Caucasian) Name/ID: About the risk factors 


Questionnaire: 

1. Age (between 40 and 90 years) or Date of Birth 
Age: Date of Birth: 

65 Y: M; 1 D: F 


2. Sex 

3. Weight (kg) 

4. Height (cm) 

5. Previous Fracture 

6. Parent Fractured Hip 

7. Current Smoking 

8. Clucocorticolds 

9. Rheumatoid arthritis 


Male ■* Female 
05 
165 

© Ho • Yes 

• No © Yes 

• No © yes 

• No © Yes 

• No © Yes 


10. Secondary osteoporosis $ mo © yes 

11 - Alcohol 3 or more units/day & n 0 © Yes 

12. Femoral neck BMD (g/cm 2 ) 
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’3.5 

[ Clear 

| Calculate 



Fig. 4.1 Sample screenshot for FRAX® (US Caucasian 
tool). 10-year probability for major osteoporotic fracture 
is 21 % and for hip fracture is 4.7 % in a woman age 65 
years, weight 65 kg, height 165 cm, previous fracture and 

selected following a series of meta-analyses 
using data from nine prospective international 
population-based cohorts [26] . In addition to age, 
sex, and body mass index (BMI), additional clini- 
cal risk factors (CRFs) for fractures include prior 
fragility fracture, a parental history of hip frac- 
ture, prolonged use of glucocorticoids, rheuma- 
toid arthritis, current cigarette smoking, alcohol 
intake of 3 or more units/day, and secondary 
osteoporosis (Fig. 4.1). Femoral neck BMD is an 
optional input that can refine the risk estimate, 
though even in its absence FRAX performs very 
well [27, 28]. Interactions among CRFs are also 
incorporated into the FRAX algorithm. 

In survival analysis, the time at which a sub- 
ject experiences an event of interest may be 
altered by another event, known as competing 
risk events [29] . For fracture, competing death is 


femoral neck T-score -2.5. (Note that more than one frac- 
ture, type 2 diabetes, or fall in the prior year do not affect 
the calculation) 


particularly important to consider in order to pro- 
duce unbiased estimates of fracture risk since, 
following death, fracture is no longer possible. 
FRAX adjusts for competing mortality, and the 
competing mortality approach used by FRAX is 
unique among the risk prediction models. 
Individuals may have equivalent hazards for frac- 
ture, but if they differ in terms of hazard for 
death, then this will affect the 10-year fracture 
probability. For example, smoking is a risk factor 
for fracture but also increases the risk for death. 
Thus, the increased mortality associated with 
smoking reduces the importance of smoking as a 
risk factor for fracture. The 10-year major frac- 
ture probability tends to increase with age to peak 
around 80-85 years and then declines as the 
death hazard rises faster than the fracture hazard. 
Failure to account for competing mortality has 
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been shown to overestimate major fracture prob- 
ability by 15-56 % and hip fracture probability 
by 17-36 % in those with high mortality: men, 
age >80 years, high fracture probability, and 
diagnosed diabetes [30]. 

In recognition of the large international vari- 
ability in fracture and mortality rates [31], 
population- specific FRAX tools are customized 
to the fracture and mortality epidemiology in a 
specific region [25]. The initial release of FRAX 
in 2008 covered nine countries (including four 
ethnic calculators for the USA), while the most 
recent version (3.8) includes over 50 countries. 
Minimum data requirements for constructing a 
new FRAX tool are sex- and age-specific mortal- 
ity and hip fracture rates (5-year subgroups). In 
many countries, such data are relatively easy to 
obtain. In contrast, non-hip fracture data consid- 
ered by FRAX (the clinical spine, distal forearm, 
proximal humerus) are difficult to accurately col- 
lect at the population level. Where high-quality 
data are not available, country-specific FRAX 
tools can be calibrated under the assumption that 
the ratio of these non-hip to hip fracture rates is 
similar to that observed in historical Swedish 
data (1987-1996) [32, 33]. Whether these ratios 
are universally applicable in all populations has 
been questioned. Population-based data from 
Canada suggest that these ratios may underesti- 
mate the rate of major osteoporotic fractures, 
possibly due to recent declines in hip fracture 
rates [34]. Although Swedish vertebral to hip 
fracture ratios were similar to Canadian ratios, 
those for other skeletal fracture sites were signifi- 
cantly lower (in men and women, respectively: 
46 % and 35 % lower for forearm/hip ratios, 19 % 
and 15 % lower for humerus/hip ratios, and 19 % 
and 23 % lower for any MOF/hip ratio). 

Fracture discrimination with FRAX was ini- 
tially assessed in 9 primary derivation cohorts 
(46,340 subjects with 189,852 person-years fol- 
low-up) and then in 11 additional validation 
cohorts (230,486 persons with 1,208,528 person- 
years of follow-up) [35]. Risk stratification with 
FRAX including BMD was superior to FRAX 
without BMD or to BMD alone. In the primary 
derivation cohorts, the gradient of risk for hip 
fracture increased from 1.84 to 2.91 (area under 


the curve [AUC] from 0.67 to 0.78) with the 
inclusion of BMD and for major osteoporotic 
fractures increased from 1.55 to 1.61 (AUC from 
0.62 to 0.63) with the inclusion of BMD. In the 
validation cohorts, the averaged hip fracture gra- 
dient of risk (1.83 without BMD and 2.52 with 
BMD) and AUC (0.66 without BMD and 0.74 
with BMD) was similar to that of the derivation 
cohorts, but the gradient of risk for other osteopo- 
rotic fractures (1.53 without BMD, 1.57 with 
BMD) and AUC (0.60 without BMD and 0.62 
with BMD) was slightly lower. 

A potential explanation for the lower AUC 
measurements for major osteoporotic versus hip 
fractures was described in a recent publication 
from the Global Longitudinal Study of 
Osteoporosis in Postmenopausal Women 
(GLOW) [36]. Varying associations with age 
were seen for 10 different bone fracture sites in 
53,896 women age 55 years and older, with clini- 
cal fractures of the hip, pelvis, upper leg, clavicle, 
and spine (designed the F5 sites) each exhibiting 
a strong association with advanced age. In con- 
trast, five other fracture sites, which include the 
upper arm/shoulder and wrist, had much weaker 
associations with age. As a result, an age-related 
fracture prediction model for the F5 sites per- 
formed better than FRAX for all major osteopo- 
rotic fractures (Harrell’s c-index 0.75 and 0.67, 
respectively). 

A number of studies have performed indepen- 
dent assessments of FRAX to predict subsequent 
fracture, but they differ widely in sample size, 
methodology (particularly incorporation of com- 
peting mortality risk), and techniques used to 
assess the performance of the fracture prediction 
tool (discrimination versus calibration) [10], 
which can affect the validity of these validation 
studies [17]. In 2010, Sornay-Rendu et al. [37] 
examined 867 French women age 40 years and 
over from the OFELY (Os des Femmes de Lyon) 
cohort which included 95 incident major osteo- 
porotic fractures. Predicted probabilities of frac- 
ture were considerably greater in women with 
incident fractures than in women without inci- 
dent fractures. The observed incidence of major 
osteoporotic fractures was found to be higher 
than the predicted FRAX probability, but the 
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analysis did not account for the effect of competing 
mortality. Fracture discrimination for major 
osteoporotic fractures was good (AUC 0.75 [95 
% Cl 0.71-0.79] without BMD, 0.78 [95 % Cl 
0.72-0.82] with BMD). Tremollieres et al. [38] 
examined a separate group of 2651 French 
women from the MENOS (Menopause et Os) 
cohort who sustained 145 major osteoporotic 
fractures (13 hip fractures) during the follow-up 
period. Once again, fracture discrimination was 
good for major osteoporotic fractures, but the 
study was underpowered to show an improve- 
ment in risk assessment with FRAX (AUC 0.63, 
95 % Cl 0.56-0.69) over BMD alone (AUC 0.66, 
95 % Cl 0.60-0.73). 

A FRAX tool for Canada was developed from 
national hip fracture and mortality data [39]. The 
accuracy of fracture predictions was assessed in 
two large, independent cohorts: the Canadian 
Multicentre Osteoporosis Study (CaMos) (one of 
the population-based FRAX derivation cohorts) 
and the Manitoba Bone Density Program (a long- 
term observational clinical cohort not included in 
FRAX derivation cohorts) [40, 41]. Analyses for 
the Manitoba BMD cohort (36,730 women and 
2873 men) and CaMos cohort (4778 women and 
1919 men) were similar and showed that the 
Canadian FRAX tool generated fracture risk pre- 
dictions that were consistent with observed frac- 
ture rates across a wide range of risk categories in 
both clinical and average populations. In the 
Manitoba cohort [40], discrimination for incident 
hip fracture (AUC 0.83, 95 % Cl 0.82-0.85) and 
major osteoporosis-related fractures (AUC 0.69, 
95 % Cl 0.68-0.71) was similar to the derivation 
and validation cohorts studied by the WHO 
Collaborating Centre [35]. Fracture discrimina- 
tion using FRAX with BMD was better than 
FRAX without BMD (hip fracture AUC 0.79, 
major osteoporosis fracture AUC 0.66) or femo- 
ral neck BMD alone (hip fracture AUC 0.80, 
major osteoporosis fracture AUC 0.68). In 
CaMos [41], results were similar with the FRAX 
estimates using BMD and CRFs superior to BMD 
alone or CRFs alone for both major osteoporotic 
fractures and hip fractures. For major osteopo- 
rotic fractures, FRAX with BMD gave an AUC 
0.69 (95 % Cl 0.67-0.71) vs. FRAX without 
BMD 0.66 (95 % Cl 0.63-0.68) versus femoral 


neck T-score alone 0.66 (95 % Cl 0.64-69). For 
hip fractures, FRAX with BMD gave AUC 0.80 
(95 % Cl 0.77-0.83) vs. FRAX without BMD 
0.77 (95 % Cl 0.73-0.80). The average 10-year 
probability for major osteoporotic fractures, with 
BMD, was not significantly different from the 
observed value in men [predicted 5.4 % vs. 
observed 6.4 % (95 % Cl 5.2-7. 5 %)] and only 
slightly lower in women [predicted 10.8 % vs. 
observed 12.0 % (95 % Cl 11.0-12.9 %)]. FRAX 
with BMD was well calibrated for hip fracture 
assessment in women [predicted 2.7 % vs. 
observed 2.7 % (95 % Cl 2.2-3.2 %)] but under- 
estimated risk in men [predicted 1.3 % vs. 
observed 2.4 % (95 % Cl 1. 7-3.1 %)]. 

The importance of correct calibration was 
noted when the UK FRAX tool was used to 
assess fracture risk in a convenience sample of 
501 Polish women referred for BMD testing [42]. 
Self-reported incident fractures 9-12 years later 
were assessed by telephone interview. The 
observed/expected ratio for fracture was 1.79 (95 
% Cl 1.44-2.21) without BMD and 1.94 (95 % 
Cl 1.45-2.54) with BMD suggesting that the UK 
model significantly underestimated fracture risk 
in Polish women. However, fractures could only 
be assessed in long-term survivors, a factor which 
likely contributed to biased results due to failure 
to account for competing mortality. 

A small Japanese study (43 self-reported 
major osteoporotic fractures and 4 hip fractures) 
was reported by Tamaki et al. [43] using the 
Japanese Population-Based Osteoporosis Study 
(JPOS) cohort. The numbers of observed major 
osteoporotic or hip fracture events were found to 
be consistent with FRAX predictions, with sig- 
nificant stratification in fracture risk (major 
osteoporotic fracture AUC without BMD 0.67, 
95 % Cl 0.59-0.75; AUC with BMD 0.69, 95 % 
Cl 0.61-0.76). 

Rubin et al. [44] performed a registry linkage 
study using baseline questionnaire data from 
3636 Danish women with FRAX hip fracture 
probabilities calculated from the Swedish tool. 
Predicted and observed risk estimates incorpo- 
rated adjustment for 10-year survival rates. The 
predicted 10-year hip fracture risk was 7.6 % 
overall with observed risk also 7.6 %, with 
similarly good results from age 41-50 years 
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(predicted 0.3 %, observed 0.4 %) to age 81-90 
years (predicted 25.0 %, observed 24.0 %). 

Premaor et al. [45] examined the question of 
whether FRAX was applicable to obese older 
women using 6049 white women from the US 
Study of Osteoporotic Fractures (SOF) cohort. 
Fracture discrimination from AUC was similar in 
obese and nonobese women. Calibration was 
good in both groups for prediction of major 
osteoporotic fractures using FRAX with BMD, 
but hip fracture risk was found to be underesti- 
mated, most marked among obese women in the 
lowest category for FRAX probability with BMD 
(though only based on a small number of 4 pre- 
dicted vs. 9 observed hip fractures). 

Ettinger et al. [46] examined 5891 men age 65 
years and older (374 with incident major osteopo- 
rotic fractures, 161 incident hip fractures). Hip frac- 
ture discrimination (AUC 0.77 with BMD vs. 0.69 
without BMD) was better than for major osteopo- 
rotic fractures (AUC 0.67 with BMD vs. 0.63 with- 
out BMD). Inclusion of BMD improved the overall 
net reclassification index for major osteoporotic 
fractures and hip fractures. Observed to predicted 
fracture ratios according to probability quintiles 
showed good calibration for hip fracture prediction 
without BMD (ratios 0.9-1. 1), but hip fracture risk 
was significantly underestimated in the highest risk 
quintile when BMD was used in the calculation. 
Conversely, major osteoporotic fracture risk was 
underestimated without BMD (predicted ratio 0.7- 
0.9), and addition of BMD did not significantly 
affect the results (predicted ratio 0.7-1. 1). 

Byberg et al. [47] examined 5921 men age 50 
years and older from Sweden in the Uppsala 
Longitudinal Study of Adult Men (ULSAM) in 
which 585 individuals sustained fracture (189 
with hip fractures). FRAX explained 7-17 % of 
all fractures and 41-60 % of hip fractures. 
Including comorbidity, medications and behav- 
ioral factors improved overall fracture prediction. 
However, femoral neck BMD was only available 
in a small subset of those aged 82 years and older. 

Gonzalez-Macias et al. [48] examined 5201 
women age 65 years and older in a 3 -year pro- 
spective follow-up study in Spain (201 with 
major osteoporotic fractures, 50 with incident hip 
fractures) using data from the Ecografia Osea en 
Atencion Primaria (ECOSAP) study. AUC for 


FRAX without BMD was 0.62 for major osteo- 
porotic fractures and 0.64 for hip fractures. 
Estimated to observed fracture ratios of 0.66 and 
1.10, respectively, were likely influenced by the 
limited 3 -year study duration of the follow-up, 
lack of data on clinical vertebral fractures, and 
lack of adjustment for competing mortality risk. 
Another Spanish study from Tebe Cordomi et al. 
[49] conducted a retrospective cohort study of 
1231 women aged 40-90 years (222 with at least 
1 self-reported fracture after baseline assess- 
ment). AUC for major osteoporotic fracture esti- 
mated with BMD was 0.61 (95 % Cl 0.57-0.65). 
The number of observed fractures was 3.9 times 
higher than the expected number. Fractures were 
self-reported at a follow-up survey at least 10 
years after baseline assessment, but there was a 
large rate of non-response/nonparticipation (855 
of 2086). Fractures could only be assessed in 
long-term survivors, and excluding individuals 
who died prior to 10 years could bias results. 

On balance, these studies confirm the validity 
of FRAX for fracture risk assessment but high- 
light the importance of using high-quality frac- 
ture data to ensure accurate calibration of the 
FRAX tool. A set of 28 jointly endorsed posi- 
tions were developed by the International Society 
of Clinical Densitometry (ISCD) and International 
Osteoporosis Foundation (IOF) to facilitate the 
use of FRAX in clinical practice and provide 
guidance on its application in specific and chal- 
lenging circumstances [50, 51]. Specific adjust- 
ments can be applied to FRAX-derived risk 
scores to accommodate discordantly lower or 
higher lumbar spine BMD (more than 1 SD dif- 
ference from femoral neck BMD) or glucocorti- 
coid doses that are above or below average 
(average use defined as daily 2. 5-7. 5 mg predni- 
sone equivalent) [52, 53]. 

Garvan Fracture Risk Calculator 
(www.ga r va n .o rg .a u/ 
bone-fracture-risk) 

The Dubbo Osteoporosis Epidemiology Study 
(DOES) was initiated in 1989 and involves fol- 
low-up of over 3500 participants. Using informa- 
tion on 426 clinical fractures in women (96 hip) 
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and 149 clinical fractures in men (31 hip) excluding 
digits, 5- and 10-year fracture probability nomo- 
grams were constructed [54, 55]. Inputs include 
age, sex, femoral neck BMD (optional), history 
of prior fractures after age 50 years (none, 0, 1,2, 
3 or more), and history of falls in the previous 12 
months (none, 0, 1, 2, 3 or more) (Fig. 4.2). If 
femoral neck BMD is not available, then weight 
is used as a surrogate. Risk factors that are rela- 
tively uncommon in the general population (e.g., 
glucocorticoid use and specific medical condi- 
tions) are not included. The model has only been 
calibrated for the Australian population and does 
not include an explicit competing mortality risk 
adjustment. 

The Garvan algorithm has been independently 
evaluated in the Canadian population (4152 
women and 1606 men age 55-95 years at base- 
line) with 8.6 years of follow-up (699 low-trauma 
fractures including 97 hip fractures) [56]. 
Fracture discrimination and calibration were 
found to be generally good in both women and 
men. For low-trauma fractures, the concordance 
between predicted risk and fracture events 
(Harrell’s C which is similar to AUC) was 0.69 
among women and 0.70 among men. For hip 
fractures, the concordance was 0.80 among 
women and 0.85 among men. Observed 10-year 
low-trauma fracture risk agreed with the pre- 
dicted risk for all risk subgroups except in the 
highest risk quintile in men and women where 
observed risk was lower than predicted. Observed 
10-year hip fracture risk agreed with the pre- 
dicted risk for all risk subgroups except in the 
highest quintile of risk for women (observed risk 
lower than predicted). 

QFracture (www.qfracture.org) 

The largest prospective database for osteoporotic 
fracture prediction is from England and Wales 
using patients from 357 general practices for deri- 
vation and patients from 178 practices for valida- 
tion in the initial analysis (QResearch Database) 
[57]. This provided more than one million women 
and more than one million men age 30-85 years in 
the derivation cohort with 24,350 incident osteo- 
porotic fractures in women (9302 hip fractures) 


and 7934 osteoporotic fractures in men (5424 hip 
fractures). The risk calculator includes numerous 
CRFs, but not BMD (Fig. 4.3). It provides outputs 
of any osteoporotic fracture (hip, wrist, or spine) 
and hip fracture over a user-selected follow-up 
period from 1 year to 10 years. The QFracture 
algorithm was updated in 2012, with inclusion of a 
number of new CRFs, removal of several others, 
and the addition of humerus fractures as one of the 
osteoporotic fractures [58]. In addition to age, sex, 
and ethnicity (10 different ethnic origins), the 
algorithm includes smoking status (4 levels), alco- 
hol consumption (5 levels), diabetes (type 1 and 
type 2), previous fracture, parental osteoporosis or 
hip fracture, living in a nursing or care home, his- 
tory of falls, dementia, cancer, asthma/COPD, car- 
diovascular disease, chronic liver disease, chronic 
kidney disease, Parkinson’s disease, rheumatoid 
arthritis/SLE, malabsorption, endocrine problems, 
epilepsy or anticonvulsant use, antidepressant use, 
steroid use, HRT use, height, and weight. 

The 2012 version reported very good perfor- 
mance for osteoporotic fracture prediction (AUC 
0.79 in women and 0.71 in men) and excellent 
performance for hip fracture prediction (AUC 
0.89 in women and 0.88 in men). An independent 
validation study was performed using patients 
from 364 general practices in The Health 
Improvement Network (THIN) (UK) database 
(2.2 million adults aged 30-85 years with 25,208 
osteoporotic and 12,188 hip fractures) [59]. The 
validation cohort gave AUC discrimination for 
osteoporotic fracture of 0.82 in women and 
0.74 in men and for hip fracture of 0.89 in women 
and 0.86 in men. Calibration plots adhered 
closely to the line of identity. QFracture explained 
63 % of the variation in hip fracture risk in 
women and 60 % of the variation in men (49 % 
and 38 % for osteoporotic fracture risk). 

A small retrospective comparison of FRAX 
and QFracture was conducted in 246 postmeno- 
pausal women aged 50-85 years with recent low- 
trauma fracture and 338 non-fracture control 
women from 6 centers in Ireland and the UK 
[60] . AUC for fracture discrimination were simi- 
lar in QFracture and FRAX (0.668 vs. 0.665) and 
also for hip fractures (0.637 vs. 0.710). The strik- 
ing difference with AUC measures from the 
THIN database validation study is unexplained. 
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The broad age range used in the initial validation 
work may have inflated the performance measures 
since osteoporotic fractures are unlikely before 
age 50. Additional assessments of QFracture in 
older women and men are needed. 

Comparative Performance 

Figures 4.1, 4.2, and 4.3 illustrate some of the 
differences between the fracture prediction sys- 
tems discussed above for a 65 -year-old woman 


of average height and weight with femoral neck 
T-score at the osteoporotic threshold of -2.5 and 
having the following CRFs: two previous fragil- 
ity fractures (distal radius and humerus), type 2 
diabetes, and one fall in the prior year. None of 
the systems uses all of the available informa- 
tion, and this contributes to the range in fracture 
predictions. For example, 10-year hip fracture 
probability varies from 4.7 % for FRAX, to 5.3 
% for QFracture-2013, to 28.4 % for the Garvan 
calculator. It is clear that where an important 
CRF is not captured by a tool, clinical judgment 



FRACTURE RISK CALCULATOR 

Fill out the following to estimate your fracture risk 
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Fig. 4.2 Sample screenshot for Garvan fracture risk calcu- 
lator. 10-year probability for major osteoporotic fracture is 
53.7 % and for hip fracture is 28.4 % in a woman age 65 
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years, two previous fractures, one previous fall, and femoral 
neck T-score -2.5. (Note that weight 65 kg, height 165 cm, 
and type 2 diabetes do not affect the calculation) 
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About you 
Ag* (30*99): |S5 
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Do you tie in a nursing or care home 7 F 
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Chronic liver disease 7 f 
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Your results 
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years. This is represented by the smileys below 



5 (loulldf r or spine 


Parkinson's disease? F 


Rhetanatoid arthritis or SUE? F 

Malabsorption eg Crohn's disease, ulcerative colitis. coeiac disease, j_ 
steal onbea or b&id loop syndrome? 

Endocrine problems eg thyrotoxocoris , hipeiparathyToidisjn. j_ 

Cushing's SynckOme? 

Epilepsy or taking anticonvulsants? F 
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Fig. 4.3 Sample screenshot for QFracture®-20 1 3 risk cal- 
culator. 10-year probability for major osteoporotic frac- 
ture is 10 % and for hip fracture is 5.3 % in a White 
woman age 65 years, weight 65 kg, height 165 cm, type 2 


must make some qualitative consideration of the 
importance of the missing information. 

In designing a risk prediction tool, there is a 
trade-off between complexity (greater accuracy) 
and simplicity (adoption in clinical practice). 
Rubin et al. [61] performed a systematic review 
of screening and risk assessment tools (including 
FRAX, the Garvan calculator, and QFracture). 
Of a total of 48 tools, only 6 had been tested more 
than once in a population-based setting with 
acceptable methodology (defined a Quality 
Assessment Tool for Diagnostic Accuracy 
Studies [QUAD AS] score above 60 %) [62]. 
There was no consistent evidence that more com- 
plex tools had better performance characteristics 
than simpler tools; however, the paucity of 
head-to-head comparisons limits any definitive 


diabetes, previous fracture, and history of falls. (Note that 
more than one fracture and femoral neck T- score do not 
affect the calculation) 


conclusions. Larger, high-quality studies with 
different case mixes should address this impor- 
tant question. 


Treatment Initiation 
and Monitoring 

The fracture risk prediction tools described above 
were initially intended to identify patients who 
would benefit from pharmacologic therapy. 
Increasingly, there is interest in whether these 
tools can be used in treated individuals to (re) 
assess fracture risk and detect treatment-related 
reduction in fracture risk. These concepts and 
evolving clinical applications are explored in the 
following sections. 
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Treatment Decision-Making 
in the Untreated Individual 

To date, only the FRAX tool has been integrated 
into national clinical practice guidelines [63-71], 
though a recent review of updated guidelines 
around the world found a wide diversity of 
approaches [72]. Some guidelines have embraced 
fracture risk as the preferred decision-making 
approach, and others are still largely dictated by 
BMD, whereas others are a hybrid. The National 
Osteoporosis Foundation (NOF) guidelines are 
an example of the latter, where treatment is rec- 
ommended for individuals with an osteoporotic 
T-score, clinical osteoporosis based upon low- 
trauma spine or hip fracture, or in individuals 
with low bone mass (osteopenia) where fracture 
risk under the US FRAX tools exceeds 20 % for 
major osteoporotic fractures or 3 % for hip frac- 
tures [63, 64]. The NOF intervention thresholds 
were based on a cost-effectiveness analysis [73]. 
The Taiwanese guidelines are similar to the NOF 
guidelines but do not differentiate between those 
with osteoporosis or osteopenia or treat based 
upon BMD alone; treatment is suggested for 
postmenopausal women with osteoporotic frac- 
ture after 50 years of age or when FRAX with 
BMD reveals a 10-year major osteoporotic frac- 
ture risk >20 % or hip fracture risk >3 % [74]. 
Canadian guidelines recommend treatment initi- 
ation based upon high-risk fracture events (hip 
fracture, spine fracture, or multiple fragility frac- 
tures) or where major osteoporotic fracture prob- 
ability exceeds 20 % [71]. The National 
Osteoporosis Guideline Group (NOGG), work- 
ing in collaboration with many other societies 
from the UK, has fully embraced fracture risk in 
guiding therapy and recommends that treatment 
be considered in women with a prior fragility 
fracture (BMD measurement is optional) or when 
fracture probability with FRAX exceeds an age- 
specific intervention threshold [66, 75]. The 
intervention threshold at each age is set at a risk 
equivalent to that associated with a prior fracture, 
resulting in a lower threshold in younger indi- 
viduals and a higher threshold in older individu- 
als. NOGG restricts BMD to individuals whose 
fracture risk is close to the intervention threshold: 


individuals with fracture risk sufficiently below 
or above the intervention threshold are not rec- 
ommended for BMD testing. The NOGG guide- 
lines suggested treatment if the chance of fracture 
in a given individual exceeded that of a subject at 
a similar age with a prior fragility fracture [66, 
75]. A similar approach has been advocated for 
the European setting by the European Society for 
Clinical and Economic Aspects of Osteoporosis 
and Osteoarthritis (ESCEO) and International 
Osteoporosis Foundation (IOF) [76]. The UK 
National Clinical Guideline Centre has provided 
guidance on the selection and use of FRAX UK 
and QFracture in the care of people who may be 
at risk of fragility fractures [77]. The diversity of 
guideline approaches in part reflects regional 
variations in population disease burden, practice 
patterns, health-care priorities, and economic 
considerations. 

Reversibility of Fracture Risk 
with Treatment 

The use of risk factors for case finding requires 
that the risk so identified is responsive to a thera- 
peutic intervention. Table 4.1 indicates poten- 
tially reversible risk factors for each of the 
fracture prediction tools that are amenable to 
intervention, as well as those expected to be 
responsive to pharmacologic treatment. Some 
risk factors (e.g., age, sex, parental hip fracture) 
are clearly not amenable to intervention. Others 
could be specifically targeted (e.g., optimizing 
nutritional status and lifestyle factors, avoidance 
of high-risk medications, fall prevention) inde- 
pendent of pharmacotherapy for osteoporosis. 
Finally, pharmacologic intervention for osteopo- 
rosis targets one risk factor alone (e.g., femoral 
neck BMD) and would not affect other risk fac- 
tors or fracture probability estimated in the 
absence of a BMD measurement. 

The distinction between a reversible risk fac- 
tor and reversibility of risk associated with that 
risk factor is important to highlight. Age is an 
example of an irreversible risk factor, but the 
fracture risk associated with older age has revers- 
ibility, i.e., the risk identified by age is amenable 
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to therapeutic intervention. Most clinical trials 
that have shown efficacy recruited subjects on the 
basis of low BMD, but some trials have recruited 
patients on the basis of age, sex, a prior vertebral 
or hip fracture, and exposure to glucocorticoids 
[27,78-81]. 

In the absence of a specific clinical trial, an 
alternative approach is to demonstrate through 
post hoc analyses that the presence (or absence) 
of a risk factor does not adversely influence ther- 
apeutic efficacy. The presence or absence of an 
interaction between treatment benefit and spe- 
cific risk factors can help to inform the expecta- 
tion of reversibility of risk. Lack of interaction 
implies that groups with or without the risk fac- 
tors respond similarly. Therefore, even for irre- 
versible risk factors, as long as there is no 
negative interaction, then this implies that the 
risk factor will not adversely affect treatment 
response. Alternatively, where a significant inter- 
action exists, it may help to identify groups in 
whom greater (or lesser) benefit may be expected. 
These types of post hoc analyses conducted as 
part of pivotal clinical trials have generally not 
shown major interactions with the clinical risk 
factors used in FRAX [27]. Conversely, patients 
selected solely on the basis of risk factors for fall- 
ing may respond less well to agents that preserve 
bone mass than those selected on the basis of low 
BMD [82]. In some cases, test for interaction 
may be nonsignificant due to limited power to 
detect such effects. Conversely, caution also 
needs to be exercised in interpreting results from 
multiple post hoc analyses due to the potential for 
false-positive findings [83]. For example, post 
hoc analyses from the FREEDOM study evaluat- 
ing denosumab examined nine subgroups (age, 
BMI, femoral neck BMD T- score, prevalent ver- 
tebral fracture, prior non- vertebral fracture, esti- 
mated creatinine clearance, geographic region, 
race, and prior use of osteoporosis medications) 
[84]. No significant treatment interactions were 
observed on vertebral fracture prevention, but 
vertebral fracture prevention showed nominally 
significant interactions with BMI (treatment 
effective for BMI <25 kg/m 2 but not for higher 
BMI; P-interaction 0.0135), baseline femoral 
neck T- score (treatment effective for T- score < 


-2.5 but not for higher BMD; P-interaction 
0.0229), and prevalent vertebral fracture (treat- 
ment effective for those without but not with 
fracture; E-interaction 0.0377). In contrast, the 
HORIZON-PFT trial found greater intravenous 
zoledronic acid effects on vertebral fracture risk 
in younger women (E-interaction 0.05), normal 
creatinine clearance (E-interaction 0.04), and 
body mass index >25 kg/m 2 (E-interaction 0.02), 
without significant treatment interactions for hip 
or non- vertebral fracture [85]. A meta-analysis 
found that the efficacy or raloxifene on vertebral 
fracture risk was significantly greater at lower 
ages [86]. Consistency of treatment effect among 
subgroups has been observed with alendronate, 
risedronate, and strontium ranelate [87-90]. 

Anti-fracture effect of several therapeutic 
agents has been analyzed based on initial FRAX 
fracture probabilities. Results have not been con- 
sistent between or even within classes of thera- 
peutic agents. Greater relative risk reduction 
(beyond absolute risk reduction) has been 
observed with higher FRAX probability mea- 
surements with clodronate [91], bazedoxifene 

[92] , and denosumab [93], but not with alendro- 
nate [94], raloxifene [86], or strontium ranelate 
[95]. For example, the FREEDOM study found 
that denosumab reduced fracture risk to a greater 
extent in those at moderate to high risk (Fig. 4.4) 

[93] . For example, at 10 % probability, deno- 
sumab decreased fracture risk by 11 % (E = 0.629), 
whereas at 30 % probability (90th percentile of 
study population), the reduction was 50 % 
(E= 0.001). It remains uncertain why differences 
would exist for some antiresorptive agents and 
not others. Similar type analyses with the Garvan 
calculator and QFracture have not yet been 
performed. 

There is an implicit assumption that fracture 
prediction tools demonstrating increased fracture 
probability should identify individuals who will 
benefit from treatment with a reduction in frac- 
ture risk. If the relative risk reduction is relatively 
constant, then greater absolute fracture risk 
would imply a greater absolute benefit (equiva- 
lent to a lower number needed to treat [NNT]). 
Although intuitive, this is an area of controversy 
as no clinical trials have prospectively recruited 
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Fig. 4.4 Relationship between denosumab efficacy on 
clinical osteoporotic fractures and baseline FRAX proba- 
bility of major osteoporotic fracture calculated with (a) or 
without (b) femoral neck bone mineral density (c, d). The 
efficacy on clinical osteoporotic fractures against baseline 


FRAX probability of hip fracture is shown. The extremes 
of the baseline probabilities represent the 10th and 90th 
percentile values. From McCloskey et al. [93]. Reprinted 
with permission from the American Society for Bone and 
Mineral Research 


on the basis of fracture probability. Subgroup 
analyses from two pivotal clinical trials, the 
Fracture Intervention Trial (alendronate) and the 
Hip Intervention Program Study Group (risedro- 
nate), showed little or no benefit from bisphos- 
phonate therapy in subjects without low BMD 
[82, 94, 96]. 

Ultimately, if it were possible to identify fac- 
tors robustly predicting greater anti-fracture 
effect, then this might allow for the construction 
of prediction tools for treatment benefit (as 
opposed to baseline fracture risk which may or 


may not always be reversible). The construct of 
such a tool might be quite different from the frac- 
ture probability tool used to identify baseline 
fracture risk and, as noted above, must consider 
differences between therapeutic agents. In some 
studies, change in BMD on therapy [97-99], 
bone turnover markers [100, 101], and measures 
of compliance/persistence on therapy have shown 
an association with treatment response [102]. 
Whether any such tool would explain sufficient 
variation in treatment response to be of clinical 
value would need to be established. 
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Effect of Treatment on Fracture Risk 
Prediction 

Whether FRAX can be used to assess fracture 
risk in patients receiving concurrent treatment for 
osteoporosis has been uncertain since treatment 
effects are not explicitly accommodated in the 
model [50]. However, since many individuals 
were initiated on treatment prior to the availabil- 
ity of FRAX, this potentially limits the use of 
important information for advising patients on 
their need for continued treatment or whether 
treatment could potentially be withdrawn. To 
address this issue, a large clinical cohort was 
linked to population-based databases to deter- 
mine medication prescriptions and fracture out- 
comes in 35,764 women (age >50 years) and 
baseline BMD testing and FRAX probabilities 
[103]. A pharmacy database was used to catego- 
rize women using osteoporosis medication as 
untreated, current high adherence users (medica- 
tion possession ratio [MPR] >0.80 in the year 
after BMD testing), current low adherence users 
(MPR < 0.80), and past users. FRAX and femoral 
neck BMD alone stratified major osteoporotic 
and hip fracture risk within untreated and each 


treated subgroup (all P - values <0.001) with simi- 
lar area under the receiver operating characteris- 
tic curve (Table 4.2). Hazard ratios for prediction 
of major osteoporotic fractures and hip fracture 
using FRAX were equally strong regardless of 
treatment status. In untreated and in each treated 
subgroup, a stepwise gradient in observed 
10-year major osteoporotic and hip fracture inci- 
dence was seen as a function of the predicted 
probability tertile (all p - values <0.001 for linear 
trend). Concordance (calibration) plots for major 
osteoporotic fractures and hip fractures showed 
good agreement between the predicted and 
observed 10-year fracture incidence in untreated 
women and each treated subgroup (Fig. 4.5). 
Only in the highest risk tertile of women highly 
adherent to at least 5 years of bisphosphonate use 
was the observed hip fracture risk significantly 
less than predicted, while major osteoporotic 
fracture risk was similar to predicted. These data 
suggest that the FRAX tool can be used to predict 
fracture probability in women currently or previ- 
ously treated for osteoporosis. 

The same data source also confirmed that repeat 
BMD measurements were useful for fracture risk 
assessment in individuals on osteoporosis therapy 


Table 4.2 Area under the receiver operating characteristic curve (AUROC) for fracture prediction and adjusted hazard 
ratios (HR) for fracture per standard deviation decrease in femoral neck T- score 



Untreated 

High adherence 
current treatment 
(MPR>0.8) 

Low adherence 

current treatment 
(MPR<0.8) 

Past treatment 

Prediction of major osteoporotic fractures 

AUROC major fracture 
probability without BMD 

0.63 (0.61-0.65) 

0.67 (0.65-0.69) 

0.69 (0.67-0.71) 

0.67 (0.62-0.72) 

AUROC major fracture 
probability with BMD 

0.66 (0.64-0.68) 

0.64 (0.62-0.66) 

0.71 (0.70-0.73) 

0.69 (0.64-0.74) 

AUROC femoral neck BMD 

0.65 (0.62-0.67) 

0.65 (0.63-0.67) 

0.69 (0.67-0.71) 

0.66 (0.61-0.71) 

HR per SD decrease in BMD 

1.53 (1.43-1.65) 

1.52(1.34-1.72) 

1.64(1.50-1.79) 

1.53 (1.40-1.67) 


Prediction of hip fractures 


AUROC hip fracture 
probability without BMD 

0.78 (0.74-0.82) 

0.76 (0.72-0.79) 

0.83 (0.80-0.86) 

0.83 (0.80-0.86) 

AUROC hip fracture 
probability with BMD 

0.82 (0.79-0.85) 

0.80 (0.77-0.83) 

0.85 (0.83-0.88) 

0.85 (0.83-0.88) 

AUROC femoral neck BMD 

0.78 (0.74-0.83) 

0.77 (0.73-0.8) 

0.82 (0.79-0.85) 

0.79 (0.70-0.88) 

HR per SD decrease in BMD 

2.33 (1.99-2.72) 

2.26 (1.74-2.93) 

2.32(1.93-2.79) 

2.18(1.81-2.62) 


Adapted with permission from Leslie et al. [103] 

Data are AUROC (95 % Cl). MPR medication possession ratio, BMD bone mineral density. Data are HR (95 % Cl) from 
Cox proportional hazards’ models adjusted for age, BMI, prior fragility fracture, rheumatoid arthritis, recent corticosteroid 
use, COPD diagnosis, and substance abuse diagnosis. P-interaction for BMD* treatment status nonsignificant (>0.1) 


4 Tools for Assessing Fracture Risk and for Treatment Monitoring 


75 



PREDICTED FRACTURE PROBABILITY WITHOUT BMD 


Fig. 4.5 Predicted 10-year major osteoporotic fracture 
probability from FRAX versus observed fracture inci- 
dence estimated to 10 years according to risk tertile. 
Results are stratified by osteoporosis treatment status with 
the reference group being untreated women (heavy solid 
line with 95 % Cl shaded area). 95 % Cl bars are shown 

[104]. Baseline BMD results were available in 
50,215 women over age 50 years, among whom 
repeat BMD testing occurred in 14,619. Total hip 
BMD (adjusted for FRAX variables) was similarly 
predictive of major osteoporotic fractures on first 
or second scans (adjusted HR per SD 1 .45 [95 % 
Cl 1.34-1.56] vs. 1.64 [1.48-1.81]). No significant 
differences were seen whether second scans were 
stratified by osteoporosis therapy use over the prior 
year (HRs 1.50 [1.28-1.76] for MPR=0, 1.46 
[1.09-1.96] for MPR <0.5, 1.83 [1.30-2.58] for 
MPR 0.5-0.8, 2.08 [1.72-2.51] for MPR >0.8; 
P-interaction nonsignificant) or by BMD change 
(HR for 1.58 [1.37-1.82] for no change, 1.50 
[1.09-2.06] for significant increase, 1.66 [1.30- 
2.13] for significant decrease; P-interaction non- 
significant). Similar results were seen for hip 
fracture prediction or when lumbar spine and fem- 
oral neck BMD were analyzed. Therefore, BMD is 
a robust predictor of fractures, and this does not 
diminish if it is a repeat measurement or if indi- 
viduals are receiving osteoporosis therapy. 

QFracture considers current use of estrogen 
replacement therapy. Coding estrogen use lowers 
the calculated fracture probability (from 10 % to 
8.6 % for 10-year MOF and from 5.3 % to 4.1 % 
for 10-year hip fracture for the case in Fig. 4.3). 
However, there are likely to be major limitations to 



for the treated subgroups. The dotted line indicates the 
line of identity (perfect concordance between observed 
and predicted fracture incidence). Reprinted with permis- 
sion from the American Society for Bone and Mineral 
Research (Leslie et al. [103]) 


this approach as it is now recommended that 
women use hormone replacement therapy for 
shorter time periods and at the lowest dose that will 
relieve menopausal symptoms [105]. Non-estrogen 
based anti-osteoporosis therapies, which are most 
frequently prescribed to reduce fracture risk in 
postmenopausal women, are not considered nor is 
adherence/persistence or duration of therapy. 

Responsiveness to Treatment 

Available treatments for osteoporosis are very 
effective, with several agents safely yielding 
40-60 % reductions in the risk of fracture [71, 
106]. In general, absence of fracture and lack of 
BMD loss are considered treatment success (i.e., 
“goal achieved”), while fracture and loss of BMD 
are considered treatment failures [107, 108]. The 
anti-fracture benefit from osteoporosis therapy is 
consistently greater than can be explained from 
the increase in BMD alone, and the latter typi- 
cally accounts for only a minority of the anti- 
fracture benefits seen in clinical trials [109, 110]. 
As a result, BMD change alone cannot be consid- 
ered an adequate surrogate measure of treatment 
effectiveness [111]. Furthermore, BMD is only 
one of the risk factors included in the FRAX and 
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Garvan risk assessment models and does not 
appear in the QFracture model. Other risk factors 
used in these tools would not be expected to 
change as a result of osteoporosis therapy. 

This situation is different than for many other 
chronic conditions — such as hypertension, dys- 
lipidemia, or diabetes — where validated surrogate 
measures exist [112, 113]. That is, systolic blood 
pressure, LDL cholesterol, and hemoglobin Ale 
are quantifiable parameters that change with treat- 
ment and for which there are specific targets to 
guide therapy [112, 113]. The goals are evidence- 
based, and it is well documented that changes in 
these surrogate measures are tightly linked with 
clinical endpoints [112-114]. Because of this, 
goals such as systolic blood pressure <140 mmHg, 
LDL cholesterol <2.0 mmol/L, or hemoglobin 
Ale <7 % guide the primary care physicians in 
the treatment of these conditions [114]. The use of 
well-defined treatment targets to assist physicians 
in disease management is a strategy often called 
“treat to target.” Establishing treatment targets is 
intended to simplify clinical decision-making, 
improve clinical outcomes, and permit compara- 
tive performance measurement, but this all pre- 
supposes the existence of a suitably responsive 
biomarker that also accurately predicts clinical 
outcomes. Since BMD by itself is inadequate in 
this regard, it has been proposed that change in 
estimated fracture probability might well serve 
the purpose for osteoporosis [107, 115]. Fracture 
probability tools can already be used to predict 
fracture risk in the general population and (in the 
case of FRAX) in those on treatment, but to attain 
the status of a treatment goal, it would need to be 
responsive to changes in risk factors and osteopo- 
rosis treatments. The need to develop more respon- 
sive methods for monitoring drug treatment in 
osteoporosis was highlighted in an initiative to 
develop goal-directed treatment “treat- to- target” 
guidelines for osteoporosis [107]. 

However, FRAX was not found to be suffi- 
ciently responsive to anti-osteoporosis treatment 
for “treat to target” in an analysis of 11,049 previ- 
ously untreated women age 50 years and older 
from a large BMD registry with paired FRAX 
estimates (median interval 4 years) [116]. 6534 
women initiated treatment after the initial assess- 


ment (40 % were highly adherent with medica- 
tion possession ratio of 80 % or greater). BMD 
decreased in untreated women and showed 
expected gains in adherent women (5. 6-7. 8 % for 
the lumbar spine, 2. 8-3.0 % for the femoral neck, 
P< 0.001 for linear trend). Despite this, median 
FRAX probability still increased, predominantly 
due to increasing age (Fig. 4.6). Only 2.2 % of 
women had a clinically important decrease in 
major osteoporotic fracture probability (4 % or 
greater), and only 1.2 % had an important 
decrease in hip fracture probability (1 % or 
greater). Baseline FRAX probability was strongly 
predictive of incident major osteoporotic frac- 
tures (hazard ratio 1.8 per SD; 95 % Cl 1.7: 1.9) 
and hip fractures (hazard ratio 4.5 per SD, 95 % 
Cl 3. 7:5.7), but change in FRAX score was not 
an independent predictor of fractures. 

Despite the intuitive appeal of monitoring 
change in fracture probability, it has proven very 
challenging to identify suitably responsive indi- 
ces and treatment targets. Currently, only BMD 
and bone turnover markers appear to be suffi- 
ciently responsive to pharmacologic therapy to 
serve as possible targets [97-101]. 

Posttreatment Monitoring 

Drugs with persistent skeletal effects after discon- 
tinuation (such as the bisphosphonates) raise the 
possibility of intermittent cycles of treatment and 
“drug holiday.” To date, no fracture prediction 
tools have been studied in relation to posttreatment 
monitoring during the “drug holiday” in order to 
identify when treatment should be reinitiated. 
Based upon the limited responsiveness of FRAX to 
treatment noted earlier, this is unlikely to be a good 
candidate for posttreatment monitoring. Similar 
limitations are likely to apply to the Garvan calcu- 
lator and QFracture scores which share many simi- 
lar characteristics and inputs. Once again, 
prediction tools that would be useful in this context 
would almost certainly be very different than those 
used for initial treatment selection. 

Posttreatment BMD loss was studied in 406 
women enrolled in the Fracture Intervention Trial 
(FIT) who had taken alendronate for a mean of 
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Fig. 4.6 Change in FRAX score between DXA scans 
according to osteoporosis treatment, (a) Major fractures 
and (b) hip fractures. Data are median values with inter- 


quartile range. MPR medication possession ratio. 
Reprinted with permission from the American Society for 
Bone and Mineral Research (Leslie et al. [116]) 


5 years and were then randomized to the placebo 
arm of the FIT Long-Term Extension (FLEX) trial 
for an additional 5 years [117]. Mean 5-year BMD 
changes during the treatment-free period were 
-3.6 % at the total hip, -1 .7 % at the femoral neck, 
and +1.3 % at the lumbar spine (BMD losses 
exceeded 5 % observed in 29 % at the total hip, 1 1 
% at the femoral neck, 1 % of subjects at the lum- 
bar spine). Although some risk factors (such as age 
and BMI) were associated with greater BMD loss, 


the effects were relatively weak, and predicting 
which women will lose at a higher rate was not 
possible (models explained less than 15 % of the 
variability in the 5-year percent changes in BMD). 
Bone turnover markers were only assessed in 76 
women but did not significantly improve predic- 
tion. Although about one-third of women who dis- 
continued alendronate experienced >5 % bone 
loss at the total hip after 5 years, it was not possible 
to identify good predictors of this loss. 
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Future Directions 

It is evident that no risk prediction model can 
include all possible risk factors for fracture; even 
if such a model could be constructed, it would be 
impossibly detailed and might not perform better 
than a more parsimonious model. More than 80 
secondary causes of osteoporosis were specified 
in the US Surgeon General’s report on osteopo- 
rosis [118]. Moreover, not all risk factors can be 
easily or reliably measured. Several studies have 
reported that very simple prediction models 
(e.g., age, BMD, and prior fracture) can discrim- 
inate fractures as well as more complex models 
[61, 119-122], but it is not altogether surprising 
that various models provide similar results given 
the insensitivity of global measures of test per- 
formance (e.g., ROC) to detect incremental 
improvement in risk classification from addi- 
tional risk factors [13, 17]. For example, the 
prevalence of high-dose glucocorticoid use in 
the general population is very low (~1 %), and 
excluding this risk factor from the assessment is 
barely noticeable at the population level despite 
the importance it has for the individual risk pre- 
diction. Inclusion of additional skeletal mea- 
sures (e.g., bone turnover markers, trabecular 
bone score) or sites of BMD measurement (e.g., 
lumbar spine) adds to the complexity with uncer- 
tain benefit in terms of the classification and 
improvement in overall patient management 
[50-52]. Finding the “right” balance between 
complexity and simplicity will require broad 
stakeholder input. 

More studies evaluating the effect of osteo- 
porosis treatment on risk assessment tools are 
needed. FRAX (and even BMD alone) appears 
to be useful in assessing individuals on treat- 
ment in one large historical cohort study [103, 
104], but this needs to be confirmed in other 
cohorts, with the newer and more potent thera- 
pies, and with the other risk prediction tools. 
While FRAX scores are strongly predictive of 
incident major fractures and of hip fractures, 
they are not particularly responsive to osteopo- 
rosis treatments [116]. Directly modeling the 
effect of specific osteoporosis therapies is likely 
to be very challenging as there are significant 


between-agent differences in terms of antire- 
sorptive potency, effect on BMD, effect on ver- 
tebral vs. non- vertebral fractures, and adherence/ 
persistence. An unanswered question is whether 
patients differ in terms of their anti-fracture 
response when selected for treatment based 
upon a risk prediction model, and why reported 
treatment interactions are inconsistent between 
and within classes of agents. Formal clinical tri- 
als to evaluate anti-fracture efficacy in patients 
selected for treatment based upon fracture prob- 
ability would be ideal but may not be feasible, 
but post hoc analyses of large clinical trials 
should be a priority. 


Conclusions 

Validated prognostic models for fracture risk 
assessment can guide clinicians and individuals 
in understanding the risk of suffering an 
osteoporosis-related fracture and inform their 
decision-making to mitigate this risk. Integration 
of risk prediction tools into clinical practice 
guidelines can in turn support better clinical 
decision-making and improved patient outcomes. 
Fracture probability algorithms discussed earlier 
have been independently validated in at least one 
other cohort: the World Health Organization 
FRAX, the Garvan Fracture Risk Calculator, and 
the QResearch Database’s QFracture. The role 
for risk prediction tools is expanding beyond the 
initial decision regarding treatment initiation, but 
data are limited. Change in fracture probability is 
a poor surrogate measure for treatment response 
and cannot be recommended as a target for goal- 
directed therapy. More treatment-responsive 
measures are needed to better inform osteoporo- 
sis management paradigms. 
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Summary 

• Some patients, even with optimal adherence 
to treatment, do not respond adequately to 
treatment. 

• Incident fractures, decrease in BMD, and lack 
of variation in turnover markers are the clinical 
tools for evaluating the response to treatments. 

• Two incident fractures while on drug therapy 
indicate treatment failure. 

• Two of the following indicate treatment frac- 
ture: one incident fracture, BMD loss, and no 
variation in markers. 

• Comorbidities, concomitant treatments, and 
an advanced degree of bone deterioration are 
risk factors for treatment failure. 
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lntroduction:The Response 
in Osteoporosis 

A number of drugs for the treatment of osteopo- 
rosis have been developed in the last four 
decades. Calcitonin was the first available agent 
specifically [1^1] developed for osteoporosis 
treatment and widely employed. Other options 
like hormone replacement therapy (both estro- 
gens and androgens) had been used before but 
sporadically and in isolated trials. The effects on 
bone mineral density, as the first radiological and 
isotopic methods became available, were used 
for monitoring drug response. However, as 
research in the field progressed and new drugs 
were incorporated into the clinical armamentar- 
ium, the evaluation of the efficacy of these treat- 
ments became increasingly complex. 

A hallmark in the evaluation of the efficacy of 
the treatments for osteoporosis was the design of 
the trials with alendronate, and Gideon Rodan 
was the key figure that settled up what still today 
are the standard criteria for measuring the effect 
of drug interventions in osteoporosis. The design 
of the FIT trial [5] established the reduction of 
fracture incidence as the main outcome for the 
first time. This criterion required a large sample 
size and a long period of follow-up to achieve 
enough statistical power for detecting differences 
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between arms. Moreover, like in other areas of 
medicine, FIT focused on a final endpoint repre- 
senting the pathological event in clinics, fracture; 
additionally, intermediate endpoints, basically 
bone mineral density (BMD) variation and bone 
turnover markers (BTM), were used as surro- 
gates of the efficacy. This scheme has been per- 
sisting, and therefore, efficacy estimates have 
relied in these three pillars. 

Regulatory agencies and evidence evaluation 
have been working on these grounds. Pivotal tri- 
als have been carried out in a highly controlled 
setting, with excellent follow-up and adherence, 
in populations with selected clinical profile where 
strict inclusion and exclusion criteria were 
applied. However, for the practicing clinician 
using these drugs, two problems immediately 
came out. First, patients attending clinics in real- 
life environment often do not match with the 
ideal patients included in clinical trials, raising 
potential issues of applicability (external valid- 
ity) of the results to the “common patient.” It has 
been estimated that up to 80 % of patients attend- 
ing an osteoporosis clinics would have been 
excluded from participation in the pivotal trials 
[6]. Second, adherence to osteoporosis medica- 
tions is poor, and this is associated with a reduc- 
tion in effectiveness [7-9]. Therefore, a gap 
between evidence gathered under ideal condi- 
tions and daily practice was an element of uncer- 
tainty for the clinician. 

Furthermore, even under ideal controlled con- 
ditions, some patients in the pivotal trials [10-18] 
still suffered fractures in the treatment arm. The 
consequence for the clinician is the lack of firm 
basis for making decisions in the individual 
patient. 


Clinical Elements for the Evaluation 
of Response 

Bone mineral density is a common element for 
the clinical evaluation of a treatment response, 
and it is well known that BMD levels are a good 
predictor of fracture risk [19, 20], although the 
risk modification associated to treatment is less 
well captured [21-23] or even misleading [24] 


except, perhaps, for denosumab [25]. When a 
patient shows a decrease in bone density in spite 
of taking the treatment with reasonably good 
adherence, it can well be that he/she is not 
responding to treatment. However, the repeated 
measurement of BMD has limitations in the 
assessment of response to treatment because the 
variations require prolonged periods of time to be 
valued [26-28] and must be greater than the least 
significant change for the technique [29-31]. 
Moreover, even in cases where the BMD declines, 
there is a reduction in fracture risk in comparison 
with the group without treatment [32, 33]. 
However, in spite of all these limitations, the cli- 
nician in care of a patient that shows a decrease 
(or even no increase) in the BMD levels has trou- 
ble in explaining to the patient that the treatment 
is working appropriately and he/she can ask the 
clinician for an alternative. Similarly, patients 
with a good densitometric response who experi- 
ence fractures while on treatment pose a signifi- 
cant challenge to our clinical skills. 

Biochemical markers of bone turnover are 
another available clinical variable. The effect of 
the drugs at a cellular level can be tracked by 
these elements of collagen degradation, regulat- 
ing enzymes, or other products of the remodeling 
cycle. Variations in turnover markers reflect very 
accurately decreases in fracture risk in treated 
populations [34-39]. However, the practical use 
of these markers for routine monitoring still faces 
several limitations as is, although greatly 
improved, the precision error of the technique 
[40] or the problems in establishing a reference 
range for a given laboratory [41] and the impor- 
tant within-laboratory variability [40], let alone 
the costs of testing. A recent recommendation by 
two official societies intends to standardize the 
laboratory assessment of biochemical markers of 
bone turnover endorsing the measurement of 
P1NP and sCTX [42]. However, the real-life 
practice is still far from what can be achieved in 
first-level sophisticated laboratories and induces 
significant limitations for a reliable widespread 
use of this tool for monitoring the response to 
anti-osteoporosis drugs. 

But, with no doubt, the cornerstone in the 
evaluation of the performance of anti-osteoporosis 
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drugs is the occurrence of fracture/s. Fractures 
are the pathological event of the disease and 
responsible for the impact in morbidity and mor- 
tality as well as the strongest predictor for future 
fractures [43]. This predictive value increases 
with the recentness of the index fracture [44, 45]. 
Both clinicians and patients perceive a fracture 
occurring during a treatment with good adher- 
ence as a fact that opens a big deal of doubts 
about the efficacy of the drug. However, no drug 
reduces the excess risk of fracture to zero. 
Patients in the treatment arm of the pivotal trials 
still suffered a significant number of fractures, 
with a cumulative rate that ranged approximately 
from 5 to 1 8 % for vertebral fractures and from 6 
to almost 18 % for non- vertebral after 3-5 years 
of treatment [10, 12-14, 16-18]. Therefore, sus- 
taining a fragility fracture can occur without this 
event, meaning that the treatment is not working 
at a tissue level and reducing somehow the frac- 
ture risk with respect to placebo-treated individu- 
als as shown by analysis of surrogate markers of 
efficacy [32, 33]. In spite of that, sometimes 
patients ask for a change in treatment, and the cli- 
nician can also make this decision without a firm 
basis. But if a single fracture can purely be a 
chance event, the occurrence of a second fragility 
fracture is highly unlikely as the risk reduction 
observed in trials for a second fracture was in the 
order of 80-90 % [46-49]. 

One element to take into account is that any 
drug requires a given period of time before reach- 
ing any antifracture efficacy. Given that the cur- 
rently available drugs base their action on a 
remodeling-modification effect, we might expect 
that at least the period required for one or two 
remodeling cycles would be required. However, 
the data from clinical trials suggest an initiation 
in fracture reduction in a period between 6 
months and 1 year [50, 51]. Therefore, any frac- 
ture occurring before 12 months on treatment, in 
a conservative estimate, cannot be judged as a 
failure in the response to the drug. Moreover, 
fractures occurring after the treatment period in 
the pivotal trials (5 years for most drugs) cannot 
be ascertained with enough confidence given that 
the antifracture efficacy beyond this period is not 
firmly demonstrated. Furthermore, all the trials 


have supplemented the participants with calcium 
and, often, vitamin D. Therefore, in some degree, 
all the registered drugs are part of a regimen that 
includes these two supplements. Another consid- 
eration is that not all the fractures have been asso- 
ciated with osteoporosis. Specifically, fractures 
of the skull, digits, hand, foot, and ankle are con- 
sidered as non-osteoporotic [52, 53]. 


Definition of Treatment Failure 

For years, the concept of treatment failure, or its 
equivalent, inadequate response , has been 
included in some publications [54-60]. Lack of 
increase in bone density, no change in bone mark- 
ers, and incident fractures during treatment have 
been, not surprisingly, the variables considered. 
In an attempt to set up a standard common 
ground, an operative definition based also on 
incident fractures and BMD was proposed [61]. 
Following on this point, the International 
Osteoporosis Foundation assembled a working 
group of the Committee of Scientific Advisors 
that proposed a definition of treatment failure. 

The available evidence for defining the con- 
cept was minimal, and, as a consequence, an 
important part of the conclusions was based on 
expert opinion. However, the reasons for moving 
ahead with such a definition were several. 
Common criteria would be desirable to be used 
by the clinicians given the absence of a standard, 
widely accepted definition to allow the clinicians 
to make decisions in a consistent manner. 
Moreover, in some areas, the reimbursement of 
second-line drugs is limited to a demonstrated 
lack of efficacy of the first-option treatments, 
with great variability and criteria sometimes arbi- 
trary. Furthermore, the concept itself deserved 
further investigation given the fact that not all the 
cases of osteoporosis are expected to respond in 
the same way. 

The reason for a heterogeneous response is the 
heterogeneity of osteoporosis itself. Osteoporosis 
is a common end, of bone loss and architecture 
deterioration, that can be reached by a wide num- 
ber of pathophysiological ways and clinical con- 
ditions. Moreover, the patients usually take 
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multiple drugs that, eventually, might interfere 
with the efficacy of anti-osteoporosis medica- 
tions. By defining the concept of treatment fail- 
ure, factors involved in their development might 
be identified and corrected when starting a drug. 
Finally, and importantly enough, if some factors 
of failure to treatment are associated to a very 
advanced stage of the disease, with deep bone 
loss and quality deterioration, this would be a 
clear indication of a therapeutic ceiling for the 
available drugs and raise the need for developing 
more potent drugs or combination regimens. 

With all these elements in mind, a position 
paper of the working group of the IOF proposed 
the following criteria of treatment failure in 
osteoporosis [62]: 

1 . Two or more incident fragility fractures 

2. One incident fracture and elevated serum 
PCTX or PINP at baseline with no significant 
reduction during treatment, a significant 
decrease in BMD or both 

3. Both no significant decrease in serum PCTX 
or PINP and a significant decrease in BMD 

A simplified description of these criteria is 
depicted in Textbox 5.1. Additional elements to 
be taken into account are the following: 

• At least 1 year on treatment is required before 
considering a possible failure to treatment. 

• Changes to be expected in BMD and bone 
markers can vary for different drugs. 

• Adherence should be evaluated and has to be 
good for a clinician to consider treatment 
failure. 

• Hidden secondary causes of osteoporosis 
should be ruled out. 

• Fractures of the hand, skull, digits, feet, and 
ankle are not considered as fragility fractures. 

• The overall decline in BMD should be in the 
order of 5 % or more in at least two serial 
BMD measurements at the lumbar spine or 4 
% at the proximal femur. 

• Sequential measurements of markers of bone 
turnover should use the same assay. A signifi- 
cant response is a decline of 25 % from base- 
line levels for antiresorptive treatments and a 


Textbox 5.1 . Criteria for defining a 

treatment failure [62] 

Twoor more incident fragility fractures 

Or 

Two of the following: 

• One incident fragility fracture 

• A decline in BMD >5 % (lumbar 
spine) or 4 % (proximal femur) in at 
least two measurements 

• A decline <25 % (for antiresorptives) 
or an increase < 25 % (for anabolics) 
after 6 months 

Additional elements 

• At least 1 year on treatment 

• Changes in BMD and bone markers 
vary for different drugs 

• Adherence should be good 

• Rule out secondary osteoporosis 

• Do not consider fractures of the hand, 
skull, digits, feet and ankle 

• Measurements of markers of bone turn- 
over should use the same assay 

• Always consider falls 


25 % increase for anabolic agents (PTH) after 
6 months. 

• If baseline levels of bone turnover markers are 
not known, a positive response is a decrease 
below the average value of young healthy 
adults. 

• Falls are an important driver of fracture. 


Risk Factors for Treatment Failure 

After defining the criteria for considering that a 
treatment is failing, the next step is to investigate 
which factors are associated with the problem. 
The potential reasons are numerous and can be 
due to external factors, intrinsic characteristics of 


5 Treatment Failure 


89 


the patient or element/s that interfere with the 
bioavailability or the effectiveness of the drugs. 
Hereby, we report three studies specifically 
designed to answer this question. 

A first approach has been a case-control study 
in women with postmenopausal osteoporosis, on 
treatment with antiresorptives [63] carried out in 
12 tertiary-care hospitals in Spain. Cases were 
included if an incident fracture occurred after 1 
year and before completing 5 years on a stable 
treatment, with good adherence. Controls were 
patients that completed 5 years of treatment with- 
out incident fractures. Treatments for diseases 
with potential effect on bone were part of exclu- 
sion criteria. Clinical variables, DXA, bone turn- 
over markers, 25 -OH vitamin D, PTH, spinal 
radiographs, hip structural analysis of the hip 
(Imaging Therapeutics Inc. ImaTx OsDx™), and 
fractal analysis of the distal radius (Trabeculae 
Q-Bone®) were measured. 


Seventy-six cases of inadequate response and 
103 with adequate response were included. The 
mean age was 68, and in the univariate analysis, 
having a fracture before starting the treatment, 
two or more falls in the previous year, BMD level 
at the spine, plasma levels of 25-OH vitamin D, 
and the bone micro structure at the proximal 
femur were associated with fracture in spite of 
being on therapy. In the multivariable-adjusted 
logistic regression, two falls in the previous year 
and 25-OH vitamin D levels below 20 ng/ml 
were associated with an increased risk, while 
having a better fracture load index was protec- 
tive. The results of this study are summarized in 
Table 5.1. 

A second opportunity for assessing predic- 
tive elements of treatment failure was offered 
by the GLOW study [64] . This is a prospective 
cohort study of more than 60,000 women from 
ten countries recruited from 723 primary care 


Table 5.1 Factors associated to treatment failure/inadequate response 


Year 

[ref.] 

Design 

Subjects 

Measurements 

Factors identified 

Odds ratio/ 
subhazard 
ratio (95 % Cl) 

2012 

[63] 

Cross-sectional 

study 

179 postmenopausal 
women 

Bone turnover 
markers 

DXA 

Femur structure 

Fractal analysis 

Prior fracture 
25-OHD < 20 ng / 
ml 

Fracture 
load a x 100 U 

OR 3.89 
(1.47-8.82) 

OR 3.89 
(1.55-9.77) 

OR 0.96 
(0.93-0.99) 

2014 

[64] 

Prospective cohort 
study (GLOW) 

26,918 women, 5550 
on treatment. 

Follow-up 3 years 

Yearly questionnaire 
(self-administered) 

SF-36 vitality x 10 
points 

2 or more falls b 

Prior fracture 

OR 0.85 
(0.76-0.95) 

OR 2.40 
(1.34-4.29) 

OR 2.93 
(1.81-4.75) 

2014 

[65] 

Nationwide health 
database 
(retrospective 
cohort) 

5 million, 21,385 
treated with BP 

GP 

e-records + hospital 
admissions (ICD 
fracture codes), 
specialists referrals, 
pharmacy invoicing 
(BP (bisphosponates) 
use, MPR) 

Age >80 vs. 60 
Previous fracture 
Underweight 
Inflammatory 
arthritis 

PPIs use 

Vitamin D 
deficiency 

SHR 2.18 
(1.70-2.80) 

SHR 1.75 
(1.39-1.20) 

SHR 2.11 
(1.14-3.92) 

SHR 1.46 
(1.02-2.10) 

SHR 1.22 
(1.02-1.46) 

SHR 2.69 
(1.27-5.72) 


BP bisphosphonates, PPIs proton pump inhibitors 
a Fracture load = proximal femur structure index (ImaTx™) 
b In the previous year 
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practices in 17 sites. These centers were located 
in six European countries, Canada, the USA, 
and Australia. Women received a self-adminis- 
tered posted questionnaire including personal 
characteristics, diagnostics, and treatments 
received, quality of life, and fracture history. 
The results of this analysis were those from 
baseline to the end of the third year of observa- 
tion. According to the definition of the IOF 
working group [62], treatment failure was 
defined as the occurrence of two incident frac- 
tures after being on therapy for at least 1 year. 
During the 3 -year study period, 6.5 % of women 
on continuous therapy with the same drug sus- 
tained one fracture, while 1.3 % suffered two or 
more. The variables associated with treatment 
failure (>2 incident fractures) in univariate 
analyses were a lower score in the SF-36 scale 
(physical function and vitality) at baseline, 
higher FRAX© score, falls in the past 12 
months, having more comorbid conditions, 
prior fracture, current use of glucocorticoids, 
need of arms to assist when standing, and unex- 
plained weight loss. After multivariate analysis, 
a worse SF-36 vitality score, prior fracture, and 
two or more falls in the previous year remained 
as independent predictors. These results are 
summarized in Table 5.1 and Fig. 5.1. 


A third recent investigation has been carried 
out using the SIDIAP database in Catalonia, Spain 
[65]. SIDIAP gathers clinical information from 
electronic records of primary care health provid- 
ers, prescription and pharmacy invoices, labora- 
tory tests, and hospital admissions. The ICD-10 
coding system is used, and the database includes 
data of more than five million people (over 80 % 
of the population of Catalonia). The cases ana- 
lyzed were those patients suffering incident frac- 
tures in spite of being persistent for at least 6 
months and with a medication possession ratio of 
80 % or above. Only 35 % of patients among the 
21,385 got a prescription completed at least 6 
months of treatment. In this subgroup of persistent 
individuals, the incidence of fractures while on 
treatment was of 3.4 per 100 person-years. The 
predictors of these fractures were older age, previ- 
ous fracture, underweight, inflammatory arthritis, 
use of proton pump inhibitors, and vitamin D defi- 
ciency (Table 5.1). To note that when starting 
bisphosphonates, the time elapsed between a prior 
fracture and the date of treatment initiation was 
relevant in these data. When the fracture was 
recent (less than 6 months before starting therapy), 
the risk was higher than for “older” fractures 
(those that had occurred more than 6 months 
before starting the drugs) (Fig. 5.2). 


Variable 

SF-36 vitality at baseline 
(per 10 point increase) 

Prior falls (vs no falls) 
>2 


OR (95%CI) 

0.85 (0.76-0.95) 

2.40 (1.34-4.29) 


P X 2 

0.004 853 

0.011 9.11 


1 


1.66 (0.95-2.91) 


Prior fracture reported at 
baseline 

0 12 3 

Lower risk Higher risk 


2.93(1.81-4.75) 

4 5 


< 0.0001 


19.15 


Fig. 5.1 Predictors of risk of treatment failure in the GLOW study [64] . Patients sustaining two or more incident frac- 
tures [65] 
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Fig. 5.2 Cumulative 
incidence of fracture in 
patients taking 
bisphosphonates in the 
SIDIAP database. Kaplan- 
Meier estimates of 
cumulative incidence of 
fracture while on treatment 
among incident users of 
bisphosphonates for 
patients with no previous 
fracture, recent fracture (in 
the past 6 months), and an 
old fracture (more than 6 
months prior to therapy 
initiation) 



No previous fracture Old fracture 

Recent fracture (<6 m) 


Concluding Remarks 

Patients on treatment with the drugs used in 
osteoporosis still are at risk of suffering fractures, 
and the rate observed is around 2-3 % per year. 
However, not every incident fracture while on 
treatment indicates a failure of the drug. When a 
second incident fracture occurs or when, in addi- 
tion to one fracture, surrogate markers (BMD 
and/or bone turnover markers) also show a nega- 
tive evolution, the likelihood for that particular 
individual of being a nonresponder is high. 

A very appealing concept, treatment-to-target, 
is currently being developed [66]. In fact, the 
treatment-to-target strategy is symmetrical to 
treatment failure since it aims to establish when a 
treatment has obtained a desired effect, that is, 
the cure or control of the disease. Both together 
promise to be of great help to the clinician in 
making decisions on when a treatment can be 
stopped (target reached) or has to be modified 
(treatment failed). Again, the available evidence 
is terribly scarce, and the best clinical judgment 
in the evaluation of an individual patient is, as of 
today, the only way to decide when the target has 
been attained. 

Several clinical variables can predict this inci- 
dent fracture in spite of receiving an active drug 


with good compliance, in the vast majority of 
cases for oral bisphosphonates. In general, pre- 
dictors of fracture while on treatment can be 
grouped in (1) elements showing an advanced 
stage of the disease, (2) with a degree of deterio- 
ration in bone strength too important to be com- 
pensated by the drug effects, or (3) in extra- skeletal 
elements that can jeopardize the risk reduction 
obtained by a given drug in the clinical trials. 
Often, both groups of elements merge in the same 
individual, and perhaps the most common exam- 
ple is the frail elderly, with several concomitant 
diseases and taking a number of medications, 
with deficiency in vitamin D, sarcopenia, and fre- 
quent falls potentiated by sedatives, anti hyper- 
tensive drugs, and taking regularly proton pump 
inhibitors to make a multi-pill regime tolerable. 

Besides maximizing the effectiveness of cur- 
rently available therapies by improving treatment 
adherence and avoiding, where possible, the 
previously described risk factors (e.g., ensuring 
vitamin D repletion concomitant or previous to 
anti-osteoporosis therapy), specific strategies to 
overcome the therapeutic ceiling of these medi- 
cations, by developing new molecules or combin- 
ing the ones we have today, are advisable. 
Parenteral administration can represent a prog- 
ress for ensuring full adherence and bioavailabil- 
ity of drugs that have no need to be absorbed. 
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But, with no doubt, medical care has to be more 
comprehensive than merely prescribing a good 
drug for bones. Other health problems and medi- 
cations should be reviewed, and rehabilitation, 
psychosocial support, and integral care are key for 
extracting from our drugs the maximal benefit. 
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Summary 

• Atypical femoral fractures (AFFs) are located 
along the femoral diaphysis from just distal to 
the lesser trochanter to just proximal to the 
supracondylar flare and must meet certain cri- 
teria to be considered atypical. 

• AFF are rare, and the absolute risk of these 
fractures ranges from 3.2 to 50 cases per 
100,000 person-years. 

• Risk factors include prodromal pain (70 %), 
Asian race, and several comorbid conditions 
and use of medications. 

• AFFs appear to be more frequent among 
individuals who are being treated with bisphos- 
phonates, and longer duration of use may 
further increase risk; however, the benefits of 
bisphosphonates have been estimated to be 
100-fold greater than the risk of AFF. 

• After bisphosphonates are stopped, the risk of 
AFF is reduced by 70 % per year. 


J.W. Nieves, PhD (El) 

Department of Epidemiology and Clinical Research 
Center, Helen Hayes Hospital and Columbia 
University, 55 Route 9W, West Haverstraw, NY, 
10993, USA 

e-mail: Jwn5@columbia.edu 


Definition of Atypical Femoral 
Fracture 

The most recent American Society for Bone and 
Mineral Research (ASBMR) Task Force on 
Atypical Fractures [1] has defined an atypical 
femoral fracture (AFF) as located along the fem- 
oral diaphysis from just distal to the lesser 
trochanter to just proximal to the supracondylar 
flare. In addition, there are specific features listed 
below that should help to separate out AFFs from 
ordinary osteoporosis-related femur fractures. 
The ASBMR published a list of five major fea- 
tures of which four must be present [1]. Briefly, 
these features include minimal or no trauma, a 
predominately transverse or short oblique frac- 
ture line originating at lateral cortex, complete 
fractures extending through both cortices 
(incomplete only lateral), minimal or non- 
comminuted fracture, and localized periosteal or 
endosteal thickening of the lateral cortex 
(“beaking” or “flaring”). There are also several 
minor features that have been associated with 
atypical fractures, although none of these are 
required. Minor features include cortical thick- 
ening of the femoral shaft, prodromal pain prior 
to the fracture, bilateral incomplete or complete 
femoral diaphysis fractures, and delayed healing. 
AFFs are rare, and the absolute risk of these frac- 
tures ranges from 3.2 to 50 cases per 100,000 
person-years [1]. 
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Fig. 6.1 Classification 
of subtrochanteric and 
femoral shaft fractures 



Classification of Subtrochanteric 
and Femoral Shaft Fractures 

Subtrochanteric or femoral shaft fractures repre- 
sent a small subset (10-30 %) of all hip/femur 
fractures [2]. Stress fractures occur in this region 
in athletes [3], and many of these fractures 
(~75 %) are associated with major trauma such as 
motor vehicle accidents, regardless of age [2]. 
Femoral shaft fractures may also occur after total 
hip replacement adjacent to the stem of the pros- 
thesis [4]. In adult femoral shaft fractures, spiral 
fractures account for about 50 %, transverse 
fractures approximately 20 %, oblique transverse 
fractures 14 %, and oblique fractures 8 % of total 
femoral shaft fractures [2, 5]. The categorization 
of these fractures is noted in Fig. 6.1. It has been 
suggested that there may be differences in the 
clinical characteristics between subtrochanteric 
and femoral shaft fractures [6]. Furthermore, there 
may be important clinical differences between 
the AFFs that have minor features present as 
compared to those that only meet the major fea- 
tures of AFF [7]. 


The Use of Large Datasets in the 
Study of AFF 

There are several studies that have evaluated sub- 
trochanteric and femoral shaft (ST/FS) by the 
International Classification of Disease (ICD) 


codes, which have allowed large-scale studies of 
numerous data sources. These data can be used to 
determine the potential impact of these fractures 
in terms of providing an upper limit of the num- 
ber of atypical fractures to expect, since only a 
small fraction of ST/FS fractures are atypical. 
However, with this type of database study, it is 
impossible to determine if the fractures are atypi- 
cal since there is no radiographic adjudication. In 
addition, when these databases are used, the 
results can be impacted by the source of the data, 
whether there was a restriction on age, exclusion 
of trauma or other diseases, as well as which ICD 
codes were used in the analysis. For example, a 
comparison of 3 studies [8-10] used to evaluate 
trends in hip fracture rates and ST/FS fractures is 
found in Table 6.1. Ng used a subanalysis to 
determine that ST/FS fractures are increasing in 
women age 60 and older who sustained a fracture 
with moderate trauma, and this includes falls 
from standing height [10]. There are differences 
noted in terms of the database evaluated, age 
studied, ICD-9 codes utilized, and the exclusions 
applied as well as the results. An additional prob- 
lem in studies that use ICD-9 codes for finding 
fracture cases is that the fracture location could 
be misclassified. In fact, only 36 % of femoral 
shaft fractures were correctly identified for their 
location [11]. However, despite these limitations, 
many studies have found that the rate of ST/FS 
fractures have increased recently [10, 12, 13]. 

Several studies have found that subtrochan- 
teric and diaphyseal femur fractures share the 
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epidemiology of classic osteoporosis-related hip 
fractures in terms of increasing incidence with age 
and higher rates in females than males [8, 14]. 

Danish administrative data [15] were queried 
to investigate the relationship between bisphos- 
phonate use and subtrochanteric or femoral shaft 
fractures among a large number of alendronate 
users (n = 39,567) and nonusers (n- 158,268). 
Alendronate users were more likely to have hip 
fractures than nonusers (HR, 1.5; 95 % Cl, 1.4- 
1.5). In addition, alendronate users were more 
likely to have subtrochanteric or femoral shaft 
fractures (HR, 2.0; Cl, 1.8-2. 3); however, the 
risk did not vary with length of bisphosphonate 
use. Of note, these were not AFF since there was 
no radiographic review. A similar lack of associa- 
tion between BP use and ST/FS fractures was 
found in another Danish study using untreated 
controls and in both a US study and one based on 
data from Taiwan both of which used other osteo- 
porosis drug users as controls [16-18]. A nested 
case -control study in Canada did find that BP use 
for more than 5 years as compared to transient 
use was associated with ST/FS fracture (OR = 2.7, 
95 % Cl 1.25, 6.02), although as expected there 
was a concomitant reduced odds of classic hip 
fractures [19]. Again, there was no radiographic 
review, so these were not AFFs. 


Risk Factors from Case Reports 
and Other Studies 

Several clinical and radiographic features were 
identified from numerous case reports and series 
[20-29] which have helped to differentiate atypi- 
cal fractures as being distinct from osteoporosis- 
related, prosthesis-related, or major trauma-related 
fractures. Asian women appear to represent a 
greater proportion of persons with AFF as com- 
pared to the population proportion [30, 31]. One 
of these features is now included in the minor fea- 
tures of AFF prodromal pain in the thigh or leg for 
weeks or months prior to the fracture [20, 24, 25, 
32, 33], lack of trauma precipitating a fracture 
[20, 21, 24, 25], bilaterality in approximately 
30 % (either simultaneous or sequential) [21, 25, 
27, 28] and typically at the same location in the 


contralateral leg [34], transverse fractures [24], 
cortical hypertrophy or thickness [25], stress 
reaction on the affected and/or unaffected side 
[20, 22, 24, 25, 27], and poor fracture healing [25, 
26]. Other features identified with AFF include 
use of proton pump inhibitors, steroid therapy, 
in addition to the bisphosphonate [22, 25, 28, 35- 
38], and adherence to bisphosphonates [39] and 
other antiresorptive agents [38, 40-42], although 
in some cases there was prior bisphosphonate use. 
Normal or low bone mass but not osteoporosis in 
the hip region [28, 43-45] has also been reported. 
Comorbid conditions (e.g., vitamin D deficiency, 
rheumatoid arthritis, hypophosphatasia) have also 
been related to AFF [45, 46]. A recent study of 11 
AFFs compared to those with typical femoral 
fractures {n- 58) identified hypocalcemia due to 
latent hypoparathyroidism as primary risk factor 
for AFF; younger age, higher BMI, early meno- 
pause, and less compromised BMD may also 
influence the development of AFF [47]. Structural 
features and hip geometry [34, 48] may also be 
important, and in fact 12 elderly women had AFF 
associated with bowing deformity, and only 6 of 
12 had prior bisphosphonate use [49]. This is fur- 
ther described in Chap. 7. Although cortical 
thickening was thought to relate to long-term BP 
use, this is not true, and increased subtrochanteric 
femoral cortical thickening may instead be a risk 
factor. In fact, many AFFs occur at the point of 
greatest cortical thickening [50, 51]. A registry 
for AFF would help to identify more commonly 
underlying features since additional case series 
are unlikely to continue to be published. 


Studies of Atypical Subtrochanteric 
and Femoral Shaft Fractures 
with Radiographic Review 

The ASBMR Task Force [1] had extensively 
reviewed the epidemiologic studies concerning 
AFF, and these studies are found in Table 6.2 [30, 
33, 52-61]. Many of these studies found an asso- 
ciation between bisphosphonate use and AFF 
[30, 33, 52-58]. The benefits of bisphosphonates 
have been estimated to be 100-fold greater than 
the risk of AFF [38]. 


Table 6.2 Studies of atypical subtrochanteric and femoral shaft fractures with radiograph review 
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For AFFs IR 

was 

32/1,000,000 

and increased 

by 10.7 % 

(+1.2 to 

+20.3 %; 

p= 0.03) 

NA 

N/A 

Crude OR 66.9 

(627.1-165.1). 

Adjusted OR 

(Vit D, GCs, 

PPIs, sex, age) 

69.1 

(22.8-209.5) 

Crude OR 5.5 

(0.97-31) 

Age-adjusted IR of 

AFFs with BP use 
1.78/100,000(1.5-2.0) 
with 0. 1-1. 9 Y 
113.1/100,000 
(69.3-156.8) with 

8-8.9 Y 

Over 12 Y, IR for 
classic # was 
357/1,000,000 p-y and 
was stable. For AFFs 

IR was 32/1,000,000 
and increased by 

10.7% (+1.2 to 
+20.3 %; p = 0.03) 

NA 

128 (90) 
Duration of 
use 1 M-13 

Y mean 

5.5 ±3.4 Y 

32 (82) 

3 (50) 

142 (4) 

39 (8) 

(1)9 

ST/FS location. 
Transverse or with 
short oblique 
extension. 

Thickening of 
lateral cortex at 
fracture site 

Transverse or short 
oblique. Originating 
at lateral femoral 
cortex. Kappa 0.96 

Thickened cortices. 

Transverse 
orientation. Medial 
spike. Single 
observer. No kappa 
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*+ 

528 

All femur # over 5 -year 
period in 1,835,116 

M + W > 45 enrolled in 
Healthy Bones Program 
in KPSW 11,466# 
reviewed 
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hospitalized with ST or 

FS # denominator for 

IR state population >50 

528 M + W>20 
hospitalized with ST or 

FS #, excluding those 
associated with coding 
errors, high trauma, 
tumors, or other 
pathology, prostheses, 
minor comminution 

Prospective 

cohort 

incidence 

2007-2011 

Retrospective 
case-control 
cases were 39 
AFFs, and 

438 controls 
were patients 
with “classic” 

# in same 

region 

1999-2010 

Retrospective 
case-control 
cases were 6 
AFFs, and 65 
controls were 
patients with 
fractures in 
same region 
2003-2008 
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One of the important papers in this selection 
was the paper by Feldstein et al. [57] that used 
data from patients registered in Kaiser Permanente 
Northwest and concluded that patients with atyp- 
ical fractures and one or more of the ASBMR 
minor radiographic criteria (beaking, cortical 
thickening, and stress fracture) appear to differ in 
several ways from those with only major radio- 
graphic criteria (low force, location at ST/FS, 
transverse, non-comminuted). Some of the dif- 
ferences they noted were that patients with both 
major and minor radiographic criteria were 
younger, were more likely to use glucocorticoids, 
were more likely to report long-term bisphospho- 
nate use, and were more likely to report pro- 
dromal pain as compared to patients with only 
major criteria. As noted in the commentary by 
Abrahamsen [7], future studies should separate 
our AFF based on if they only display ASBMR 
major radiographic criteria from those that also 
have one or more minor criteria. These radio- 
graphic features used for the minor criteria may 
also help to elucidate the mechanism by which 
AFF occur. 

Lo [30] from Kaiser Permanente Northwest 
studied women aged >60 hospitalized with a hip 
or femur fracture (zz = 3078), and of these frac- 
tures, 38 were determined to be AFF with the 
minor feature of lateral cortical thickening. One 
striking finding was the preponderance of Asian 
women in the AFF group. 

In another Kaiser Permanente study [62], the 
age-adjusted incidence of AFF was found to 
increase with duration of bisphosphonate use 
from 1.8/100,000 cases per year <2 years of use 
to 113.1/100,000 cases per year for >8.0 years 
of use, while hip fracture rates decreased with 
bisphosphonate use. Similar results of increasing 
risk with increasing bisphosphonate use were 
found in a case-control study in a Swiss hospital 
[58] where they identified several risk factors for 
AFF including use of glucocorticoids, vitamin D 
supplements, and proton pump inhibitors and 
also estimated that 28 % of AFF had a fracture in 
the contralateral leg. 

Another important contribution was the paper 
by Schilcher [55] in which 1234 radiographs 
of subtrochanteric or femoral shaft fractures in 


women over age 55 were reviewed and 59 cases 
with atypical features were identified and com- 
pared to 263 controls with subtrochanteric or 
femoral shaft fractures that were not transverse. 
In a cohort of 1.5 million women 55 years or 
older residing in Sweden in 2008, 83,311 received 
bisphosphonates during the 3 years preceding the 
fracture (only prior 3 years’ drug use was avail- 
able in database), and 59 had atypical fractures, 
with an absolute risk of five cases per 10,000 
patient-years (95 % Cl, 4-7) and longer duration 
of use was associated with 30 % increased risk 
per 100 daily doses (1.3; 95 % Cl, 1.1-1. 6). 
Importantly, after bisphosphonates were stopped, 
the risk of AFF was reduced by 70 % per year 
(OR, 0.28; 95 % Cl, 0.21, 0.38). 

Several papers have been published subse- 
quent to the ASBMR publication and will be 
summarized here. Wang et al. [39] found that the 
rate of subtrochanteric/femoral shaft fractures, 
but not intertrochanteric/femoral neck fractures, 
was positively associated with higher adherence 
to long-term (>3 years) oral bisphosphonates in 
the elderly female Medicare population. This 
study could not evaluate X-rays, so the study did 
not specifically look at AFF. 

A retrospective blinded review of 2238 radio- 
graphs in Japan by orthopedic surgeons were 
used to identify AFF based on meeting all 
of ASBMR established major criteria (including 
beaking of the lateral cortex), and these AFFs 
were further confirmed by other orthopedists. In 
a case-control analysis of the 10 identified AFF 
subjects compared to 30 typical ST/FS fractures, 
it was found that a higher percentage of patients 
with AFFs used bisphosphonates and glucocorti- 
coids and were suffering from collagen disease 
than those with typical femoral fractures [63]. In 
Korea, a total of 108 consecutive patients with 
displaced atypical femoral fracture after minimal 
trauma that occurred between January 2005 and 
June 2011 were reviewed, and 76 patients were 
found to have AFF based on ASBMR 2013 crite- 
ria [37]. They noted that bisphosphonate use was 
more than 3 years in 75 % of cases and that in 
these individuals there was more nonunion and 
more bilateral fractures than in shorter bisphos- 
phonate use. A recent nested case-control study 
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in Spain used a general practice research database 
and matched five controls (no history of AFF or 
hip fracture) for each AFF case and reported that 
there was an increase of atypical fracture risk 
among ever users of bisphosphonates versus 
never users, and that risk was greater in those 
with longer duration of use [64] . 


Conclusion 

Atypical femur fractures are uncommon but 
appear to be more frequent among individuals 
who are being treated with oral and intravenous 
bisphosphonates and longer duration of use fur- 
ther increases the risk. Additional studies of atyp- 
ical fractures are needed to clarify the mechanism 
by which they occur (however, the benefits of 
bisphosphonates have been estimated to be 100- 
fold greater than the risk of AFF) [38] and to 
identify other key risk factors as well as to con- 
firm that discontinuation of treatment after long- 
term use substantially lowers the risk. A better 
understanding of the mechanisms that may lead 
to AFF and their risk factors using clinical mod- 
els, genetics, and imaging may help to target 
those individuals who are at high risk and should 
avoid the use of bisphosphonates. 
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Summary 

• Defining features of Atypical femur fractures 
include subtrochanteric lateral cortical thick- 
ening (“beaking”), a transverse fracture line 
(within 15° of 90°), and lateral to medial pro- 
gression of the fracture line. 

• Typically occur within 5 cm of the lesser 
trochanter. 

• Best evaluated on MRI; however, X-ray and 
DXA may be appropriate for screening. 

• Typically progress to full fracture over 2-6 
months. 

• Resolution of incomplete fractures is con- 
firmed by resolution of findings on MRI. 

• Conservative therapy is typically considered 
to have failed if there is no resolution of MRI 
findings over 2-3 months. 

As a response to the particularly devastating 
nature of femoral fractures, the last decade has 
seen an explosion of drugs to promote bone 
health. Foremost among these are the bisphos- 
phonates, osteoclast inhibitors, that help improve 
bone density by decreasing mineral resorption. 
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As with all medications, they are not without 
undesired side effects. In particular, the atypical 
femoral fracture is one side effect that has come 
to recent attention. This type of fracture, as the 
name implies, is unusual for a number of reasons 
including its characteristic location inferior to the 
lesser trochanter and its progression from the 
lateral to the medial cortex. The most concerning 
feature, however, is that a patient may suffer a 
complete transverse fracture from low-energy 
trauma, such as tripping over a rug or stepping 
off a curb. Because of such dramatic conse- 
quences with little-to-no warning, a tremendous 
effort has been summoned to better understand 
bisphosphonate-related fractures and to better 
inform therapy. 


History and Mechanism of Action 

The effect of phosphate exposure on bone health 
dates to the 1 840s when British matchstick mak- 
ers began to develop what would eventually be 
recognized as a precursor syndrome to long-term 
bisphosphonate toxicity. “Phossy jaw” caused by 
exposure to the phosphate used in matchstick 
heads was characterized by osteonecrosis of the 
jaw and phospholuminescence that would later 
progress to brain damage and diffuse organ fail- 
ure [1, 2]. It would not be until the 1970s that 
medicines were developed to inhibit resorption 
without inhibiting growth. 
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Originally derived from pyrophosphate, these 
medicines actively inhibit and even induce apop- 
tosis of osteoclasts [3-5]. In doing so, the balance 
of continual bone turnover shifts to favor growth. 
This principle has been successfully exploited 
to prevent refracture of the vertebral bodies and 
femora of patients with a variety of diseases. The 
most commonly treated diseases include osteo- 
porosis, Paget’s disease, osteogenesis imperfecta, 
multiple myeloma, and osteolytic metastatic 
disease. 

As pyrophosphate derivatives preferentially 
target active osteoclasts, there has always been a 
theoretical risk that bone turnover may be more 
severely suppressed in more stressed areas of 
bone. Sure enough, studies began to present cases 
of low-impact fracture, with the most apparent 
explanation being a disorganized bony remodel- 
ing secondary to disrupted turnover, similar to 
that found in osteopetrosis. 

It has been widely reported that bisphospho- 
nates work to decrease the rate of classical femo- 
ral fractures [6]. Multinational registry studies 
have shown a dramatic decrease in femoral frac- 
tures coinciding with increased bisphosphonate 
use over the last decade [7-9]. What’s more, 
patients placed on a bisphosphonate following an 
initial osteoporotic, classic fracture are less likely 
to be rehospitalized for subsequent fracture [10]. 
Despite this, there has been as much as a 10 % 
increase in the number of subtrochanteric femo- 
ral fractures [8]. The incidence of subtrochanteric 
fractures among bisphosphonate users ranges 
from 3.2 to 50/100,000 [7, 8, 11]. 


Epidemiology 

Conflicting information has been presented 
regarding the epidemiology of atypical fractures. 
While some studies have demonstrated that the 
patients at the highest risk for fracture are those 
who have taken these medicines for less than 3 
years [12, 13], the majority of research favors 
increased risk with longer duration of therapy [8, 
14-17]. On the other hand, there has been some 
suggestion that those suffering AFFs may have a 
lower baseline level of health than those who 


have taken a bisphosphonate for years without 
issue. Even more enshrouded is the efficacy of 
drug holidays. Still under active investigation 
are the length of time a patient remains at risk 
for atypical fracture after suspending specific 
bisphosphonates [8, 18] and whether risk is dose- 
related [13]. 

A variety of risk factors are being evaluated. 
Evidence exists for increased risk in patients with 
concomitant long-term steroid use, active rheu- 
matoid arthritis, low vitamin D levels [19], and 
Asian ethnic background [20, 21]. Patients suf- 
fering fracture are typically younger, averaging 
71 years old in contrast to the average age of 
bisphosphonate users in general, 80 years old [11]. 
They also tend to be more ambulatory prior to 
fracture. Conflicting information exists regarding 
whether diabetes or proton-pump inhibitors play 
any role. 


Histology 

Under the microscope, a minority of patients 
show a decreased numbers of osteoclasts with a 
high proportion of osteoclasts with abnormal, 
pyknotic nuclei [22, 23]. There is also an incre- 
ased prevalence of nonfunctioning “atypical 
giant osteoclasts.” In the majority, however, there 
is normal histology with the only finding being 
an up to 90 % reduction in bone remodeling [4]. 
These findings are similar to those in osteopetro- 
sis and help to support the theory that disorganized 
remodeling progresses to bone weakness despite 
normal or increased mineralization. 


Imaging 

For the radiologist, there are several important 
considerations. As many as 50 % of patients may 
be asymptomatic [24]. Given this, radiology has 
a strong role in early screening. In addition, it is 
important to remember that Atypical femur frac- 
tures make up a minority of subtrochanteric fem- 
oral fractures, and there are several imaging 
features that must be kept in mind when suggest- 
ing this diagnosis. 
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In 2013, the Society for Bone and Mineral 
Research published an updated set of criteria 
for making the diagnosis of atypical femoral 
fracture [25]: 

Major features 

1. The fracture is associated with minimal or no 
trauma, as in a fall from a standing height or 
less. 

2. The fracture line originates at the lateral 
cortex and is substantially transverse in its ori- 
entation [90° ±15], although it may become 
oblique as it progresses medially across the 
femur. 

3. Complete fractures extend through both corti- 
ces and may be associated with a medial spike; 
incomplete fractures involve only the lateral 
cortex. 

4. The fracture is non-comminuted or minimally 
comminuted. 

5. Localized periosteal or endosteal thickening 
of the lateral cortex is present at the fracture 
site (“beaking” or “flaring”). 

Minor features 

1. Generalized increase in cortical thickness of 
the femoral diaphysis 

2. Unilateral or bilateral prodromal symptoms 
such as dull or aching in the groin or thigh 

3. Bilateral incomplete or complete femoral 
diaphysis fractures 

4. Delayed fracture healing 

At least four of the five major features must be 
present to diagnose an atypical femoral fracture. 
No minor criteria are required. Figures 7.1, 7.2, 
7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, and 7.10 dem- 
onstrate a classic appearance of an AFF over 
several modalities in a 58-year-old male on 
bisphosphonates. 


Conventional Radiography 

Atypical femur fractures are defined by their radio- 
graphic appearance. Currently, they are defined as 
transverse fractures arising from the lateral cortex of 



Fig. 7.1 This lateral radiograph of the right femur shows 
lateral, mid-diaphyseal cortical thickening 




Fig. 7.2 Frontal radiograph better demonstrates some 
intracortical lucency, possibly an early fracture line 

the femur, inferior to the lesser trochanter. Seventy- 
nine percent of all atypical fractures 
occur within 5 cm of the lesser trochanter and, by 
definition, lie above the supracondylar flare [26]. 
Early on, there will be thickening (“beaking”) of 
the medial or lateral aspect of the lateral cortex. 
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Fig. 7.3 Coronal CT reformation shows lateral cortical 
thickening with a linear lucency developing. The medial 
cortex is uninvolved 


With progression, a fracture line will develop and 
extend medially. There have been several examples 
of multiple foci developing simultaneously; how- 
ever, these fractures are rarely comminuted [27-29]. 

The angle made by the fracture and lateral 
femoral cortex is important in elucidating the eti- 
ology. Atypical femur fractures comprise only 
about 1/3 of all subtrochanteric fractures, and, 
in cases where the fracture angle is shallow, it 
can be difficult to differentiate bisphosphonate- 
related fractures from other diagnoses [16]. 
A fracture angle of 90° ±15 with associated peri- 
osteal beaking has a 90 % specificity for bisphos- 
phonate use [30]. Fatigue fractures will typically 
be more oblique, in addition to propagating 
from the medial to lateral cortex [31, 32]. Addi- 
tional considerations for differential diagnoses 
are described in conjunction with the figures found 
at the end of this chapter. Distinguishing 
bisphosphonate-related injury from classic frac- 
tures may become increasingly important in deter- 
mining prognosis and guiding specific therapy. 

Progression to the middle and late stages of 
the fracture are marked by involvement of the 
medial cortex and complete displacement of 



Fig. 7.4 Transverse CT shows thickening and lucency of the right femoral lateral cortex 
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Fig* 7.5 Coronal T1 -weighted 1 .5 T MRI shows lateral cortical thickening of the right femur with a confluent, decreased 
marrow signal. The left femur is unremarkable 



Fig. 7.6 Coronal T2-weighted, fat-saturated 1.5 T MRI shows increased signal intensity of the bone marrow at the 
non-displaced atypical femoral fracture site 



Fig. 7.7 Transverse T2 1.5 T MRI with fat saturation shows increased bone marrow signal 
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Fig. 7.8 Flow (early) phase of a bone scan. No abnormality 
is identified 



Fig. 7.9 Blood pool phase on bone scan. Increased radio- 
tracer uptake is noted within the right mid-diaphysis 

the distal femoral fragment. There is invariably 
varus angulation, which can help distinguish 
AFFs from other fracture etiologies. 

X-ray evaluation of patients with hip, thigh, or 
groin pain on long-term bisphosphonates should 
include a frontal view of the pelvis and two views 
of the full length of each femur. 


Fig. 7.10 Delayed phase on bone scan shows signifi- 
cantly increased radiotracer uptake. This appearance can 
be seen in conditions of increased bone turnover, such as 
osteoblastic metastases and stress fractures, and in this 
case of non-displaced atypical femoral fracture (AFF) 


MRI 

The MRI characteristics of an atypical femoral 
fracture are much like any other stress fracture, 
save for the lateral to medial transverse pattern, 
as described above. The earliest findings include 
high-signal periosteal reaction about the lateral 
cortex with normal marrow signal [33]. MRI is 
presumed to be the most sensitive modality prior 
to fracture [33]. Progression is marked by linear 
low T1 and high STIR or T2 signal within 
the marrow as the fracture extends medially. 
Conversely, non-progression or reversal of mar- 
row signal changes on MRI may be a guide for 
therapeutic efficacy. 

MRI may also be of particular benefit in patients 
with known atypical fracture as a screening tech- 
nique for the contralateral leg. Risk of contralateral 
fracture appears to be between 22 and 64 %, and 
increasing attention is being devoted to prevention 
of these fractures [20, 21, 24]. 

A pelvis MRI without contrast protocolled for 
musculoskeletal purposes will evaluate both hips, 
the pubic symphysis and sacroiliac joints, and the 
musculature and tendons of both hips and thus can 
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provide an explanation for pain other than atypical 
femur fracture. MRI of the entire length of both 
femora without contrast is also recommended as 
the next step, as cortical thickening can be subtle, 
and having the other side for comparison can 
improve the diagnostic capability of the scan. 
Furthermore, the marrow lesions can be far down 
the shaft of the femur, which would be missed if 
only the hips were imaged. By scanning both fem- 
ora, asymptomatic lesions can be picked up on 
the opposite side. Both femora should be scanned 
simultaneously, thereby not resulting in any incre- 
ased scanner time, patient discomfort, or cost. 
And since MRI does not result in any deleterious 
effects to human tissue, no collateral damage is 
incurred by scanning both femora. Contrast- 
enhanced MRI is not needed, as the findings are 
present on the non-contrast MRI scans. 


Nuclear Medicine (DXA 
and Bone Scan) 

Two studies under the domain of nuclear medi- 
cine have been found to be helpful: dual-energy 
X-ray absorptiometry (DXA) and bone scintigra- 
phy (or more commonly referred to as a “bone 
scan”). DXA describes a technique in which 
X-rays of two different energy levels are used to 
acquire images of the lumbar spine and hips. The 
difference in through-transmission of X-rays 
through these bones can be used to calculate the 
density of the bones to a high degree of certainty. 
This is currently the gold standard in the clinical 
evaluation of bone density and is commonly per- 
formed annually to biennially in patients at risk 
for the development of osteoporosis. For obvious 
reasons, a large number of patients receiving 
bisphosphonates likely undergo regular DXA 
scans. The findings of Atypical femur fractures 
on DXA appear much like those on conventional 
radiography, with the exception being that DXA 
demonstrates a lower degree of spatial resolution. 
It should also be highlighted that conventional 
DXA studies include only 1-2 cm below the 
lesser trochanter. Given that AFFs typically occur 
within 5 cm of the lesser trochanter, conventional 


DXA may miss a large percentage of developing 
lesions. Many advocate extending the length of 
the DXA scan in patients on bisphosphonates. 

Bone scintigraphy, on the other hand, uses a 
radioisotope (most commonly technetium-99m- 
labeled methylene diphosphonate) that shows 
active bone turnover when imaged with a gamma 
camera. The basic principle is that labeled 
methylene diphosphonate (MDP) will attach to 
phosphate binding sites and radioactivity will 
accumulate in areas of high turnover. Devices 
called gamma cameras can then detect this radia- 
tion. A subset of bone scans, the “triple-phase” 
bone scans, are imaged at three times: in the first 
several moments to show perfusion; several min- 
utes later to show “blood pooling,” i.e., inflam- 
mation or autonomic dysfunction; and after 
several hours, at which point any tracer not bound 
to the bone should have been cleared by the 
patient’s kidneys. It is during this third, “delayed,” 
phase that stress fractures and AFFs are most eas- 
ily identified. As the compound actively seeks out 
sites of bone turnover, bone scintigraphy can be 
highly sensitive for developing stress fractures; 
however, its specificity is extremely limited by a 
lack of spatial resolution. Atypical femur frac- 
tures appear as increased activity in the subtro- 
chanteric region, again, with a predilection for 
the lateral cortex. 


Differential Diagnosis 

While AFFs demonstrate a specific and recogniz- 
able pattern, several other conditions may simu- 
late this appearance. Stress fractures of the femur 
may occur in a subtrochanteric location; how- 
ever, they most typically begin along the medial 
cortex and propagate laterally. Pathologic frac- 
tures related to underlying osseous lesions 
may simulate the cortical “beaking” that classi- 
cally defines a developing bisphosphonate- 
related fracture. A sinus tract along a region of 
chronic osteomyelitis may appear similar to a 
fracture like, with adjacent osseous irregularity. 
Figures 7.11, 7.12, 7.13, 7.14, 7.15, 7.16, 7.17, 
7.18, and 7.19 demonstrate several such mimics. 
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Fig. 7.1 1 Coronal STIR 1 .5 T MRI of a 36-year-old 
shows a stress fracture of the left femoral neck. A dark 
fracture line is progressing from medial to lateral and 
is surrounded by extensive edema signal. Note the 


predilection for the medial cortex of the femoral neck 
in contrast to Atypical femur fractures, which begin on 
the lateral cortex of the subtrochanteric region 



Fig. 7.12 Frog-leg lateral radiograph of the same patient 
in Fig 7.11. Slight medial cortical thickening with scle- 
rotic, non-displaced fracture line oriented perpendicular 
to the trabecular lines of the femoral neck is characteristic 
of a stress fracture 


Screening Considerations 

A prodromal pain syndrome only exists in 
50-76 % of patients who demonstrate incomplete 
or developing fractures [24]. Progression from 
the earliest findings to complete fracture typi- 
cally takes between 2 and 6 months [34] . Lastly, 
quantitative risk stratification based on risk fac- 
tors or by a general tool such as the fracture risk 
assessment tool (FRAX) has yet to be fully elab- 
orated. This being said, there is a growing empha- 
sis on finding the best screening test for early 
fractures. MRI may be an excellent choice for 
those with the classic prodrome of unrelenting 
groin pain. For those who are asymptomatic, 
however, other modalities may prove to be more 
cost-effective initial screens. One promising sug- 
gestion has been to increase the length of femur 
included in DXA scans, which most bisphospho- 
nate patients undergo routinely [35]. It is unlikely, 
however, that the routine DXA scan interval is 
appropriate for the prevention of complete frac- 
tures. Nuclear scintigraphy is another possibility 
with areas of developing fracture appearing 
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Fig. 7.1 3 AP radiograph of the hips in frog-leg position 
of a 38-year-old. There is a nearly transverse fracture line 
progressing from lateral to medial cortex of the left sub- 
trochanteric femur through a lytic lesion in the intertro- 



Fig. 7.1 4 Coronal STIR 1 .5 T MRI of the same patient as 
in Fig 7.13 shows a region of increased signal that could 
mimic marrow edema on first glance. In contrast, this is 
well-marginated lesion with a narrow zone of transition, 
with a low signal sclerotic rim, representing fibrous dyspla- 
sia. While there is a beaking of the lateral cortex, the cortex 
is not thickened as one would see in a developing AFF 


similar to a lateral cortical stress fracture. This, 
however, tends to be positive only in symptom- 
atic patients and may prove to be too insensitive 
for screening [26] . At our institution, it has become 
common practice to include the most commonly 
involved part of the femur in all routine emergency 
department and outpatient pelvic X-rays as well as 


chanteric and subtrochanteric femur. In this case, the 
etiology is a pathologic fracture through bone that has 
been weakened by fibrous dysplasia 


all DXA scans. Anecdotally, this has led to a sharp 
increase in the number of incidentally discovered 
early AFFs. Regardless of whether initial findings 
are discovered on conventional radiography or 
DXA, it is recommended that MRI or CT confir- 
mation should be pursued [25]. 

Another area that has yet to be addressed is 
whether there is any benefit to whole-body or 
targeted non-femoral screening. Bisphosphonate- 
related low-impact fractures have also been 
described of the tibia and forearm [36, 37]. 
It remains uncertain whether these are simply too 
rare to warrant non-femoral screening in popula- 
tions at higher risk, such as those using walkers 
for partial weight-bearing. 


Follow-Up 

The primary goals of imaging atypical fractures 
are primary and secondary prevention. Many now 
recommend imaging of the contralateral leg as 
soon as an AFF is identified [38, 39]. The recom- 
mended modalities are combined X-rays and MRI 
or DXA and MRI. Radionuclide scans are cur- 
rently recommended against, given a lack of 
specificity. 
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Fig. 7.15 Apparent lateral cortical thickening in a 
41 -year-old. This shows an underlying linear lucency and 
lacks the medial beaking seen in AFFs. This is an osteo- 
chondroma, with characteristic continuity of the cortex 
and medullary space 



Fig. 7.1 6 AP radiograph of the distal femur and knee in a 
45-year-old with thigh pain. Large expansile mass with 
osteoid matrix and cortical bone destruction suggest 
osteosarcoma, which was proven on biopsy 


Summarization of Diagnosis 
and Management 

While there have been relatively few randomized- 
controlled trials to definitively demonstrate the 
relative efficacy of different management algo- 
rithms, a task force assembled by the American 
Society for Bone and Mineral Research has pro- 
posed an algorithm based on the current available 
data [25]. Patients at risk for complete fracture will 
present in one of two ways: asymptomatically, 
with incidentally discovered fractures, or as part of 
a workup for vague hip or groin pain. If not already 
acquired, conventional radiographs should be part 
of the initial workup, with any concerning findings 


followed by advanced imaging. X-rays should 
consist of a frontal view of the pelvis, which 
includes both hips, and bilateral femora. Strong 
evidence on what should be the next test in the 
workup of a patient with groin or hip pain with 
negative X-rays who are on long-term bisphospho- 
nates is lacking, but based on its superior anatomic 
detail, MRI of the musculoskeletal pelvis and 
bilateral femora without contrast is recommended 
as the next test. MRI is the preferred advanced 
modality for its ability to delineate subtle marrow 
signal abnormality and to assess cortical abnor- 
mality [25]. CT is insensitive to early stress reac- 
tion and, given its radiation, is not recommended 
in the workup of atypical fracture. Nuclear 
bone scan is relatively sensitive to early change in 
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Fig. 7.17 Radiograph of the femur demonstrates a trans- 
verse subtrochanteric fracture in a previously asymptom- 
atic 54-year-old patient. Faintly moth-eaten cortex and 
intramedullary cavity hints at the patient’s underlying 
lymphoma which resulted in this pathologic fracture. 
Note that there is no cortical thickening and the jagged- 
ness of the fracture line 


symptomatic patients, but is nonspecific. Nuclear 
medicine bone scan is recommended if MRI is 
inconclusive, unavailable, or contraindicated. Triple- 
phase bone scan is unnecessary, as the stress reac- 
tion is found on the delayed phase. A whole-body 
delayed phase bone scan is recommended if X-ray 
and MRI are negative, as the whole-body bone 
scan may pick up other abnormal sites of disease 
other than both femora. 

Following an initial workup, patients can be 
classified in one of three proposed prognostic cat- 
egories: stress reaction/stress fracture without 
cortical lucency, incomplete cortical fracture, 
and complete cortical fracture. For those with 
painful, incomplete cortical fractures, intra- 



Fig. 7.18 Frontal radiograph of the right tibia demon- 
strates healed tibia fracture complicated by chronic osteo- 
myelitis. Note the fusiform medial and lateral distal 
cortical thickening. Can mimic a developing AFF when it 
occurs in the femur. The presence of a retained drill bit 
indicates prior surgical intervention (white arrows). Also 
note a healed distal fibula fracture 


medullary nail fixation is currently advised [25]. 
Asymptomatic patients with an incomplete 
cortical fracture, as well as those with stress reac- 
tion or fracture without cortical lucency, can be 
managed medically [25]. Recommendations for 
medical management involve suspending all anti- 
resorptive therapy and optimizing vitamin D and 
calcium. There is no definitive recommendation 
regarding additional medication, such as teripara- 
tide, though this is sometimes considered in the 
treatment regimen. Painless incomplete cortical 
fractures should be on a strict regimen of non- 
weight-bearing, while those without cortical 
involvement (stress reaction and some stress frac- 
ture patients) are advised to limit weight-bearing 
and reduce high-impact activity [25]. All patients 
being treated conservatively should be followed 
with MRI or bone scans until there is no evidence 
of marrow signal change or increased metabolic 
activity [25]. The frequency of follow-up imaging 
remains uncertain; however, repeat MRI at 4-6 
months is recommended. Early surgical fixation 
is controversial. Figures 7.20, 7.21, 7.22, 7.23, 
7.24, 7.25, 7.26, 7.27, 7.28, and 7.29 demonstrate 
two severely osteoporotic patients who had suf- 
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Fig. 7.1 9 Sclerotic non-ossifying fibroma masquerading 
as lateral cortical thickening. In contrast to the smooth 
contour of a developing AFF endosteal “beak,” this lesion 
demonstrates a more acute shoulder at its interface with 
the cortex as well as an indistinct “brush border” 


J.C. Giaconi and C.T. Watterson 

fered complete fractures and showed signals of 
multiple developing contralateral fractures. Both 
cases went on to prophylactic surgical fixation. 


Conclusion 

Bisphosphonates are a widespread class of medi- 
cations used to decrease fractures of the hips and 
lumbar spine, with a primary goal of preventing 
morbidity. The medical community is increasingly 
aware that, while these medicines decrease the rate 
of both femoral and lumbar fractures, there has been 
an increase in the proportion of severely debilitating, 
low-impact subtrochanteric fractures. The goals of 
imaging are to effectively screen for these fractures 
during the 2-6 months in which they develop, to 
provide evidence of the efficacy of conservative 
therapy, to help decide when surgery would be 
warranted, and to screen for associated fractures that 
may develop. Debate about the best screening 
method is ongoing, but MRI appears to be the most 
sensitive modality; DXA provides a low-cost alter- 
native; and X-rays show classic findings. Nuclear 
medicine techniques are less favored given a lack 
of specificity. Subtrochanteric fractures, as a class, 
are especially debilitating, and diagnostic imaging 
plays a strong role in preventing their progression. 



Fig. 7.20 This frontal pelvic radiograph shows a complete AFF of the proximal left femur. Two areas of lateral cortical 
beaking are also seen in the mid-diaphyseal right femoral cortex 





Fig. 7.21 Frontal radiograph of the right hip following Fig.7.22 Frontal radiograph ofthe same patient as in Fig 7.20 
prophylactic intramedullary nail fixation. Again seen are better demonstrates the complete fracture of the patient’s left 
two areas of lateral cortical beaking femur. Note the varus angulation of the distal fragment 



Fig. 7.23 Scout image from an abdominal-pelvic CT 
obtained of the same patient as in Fig 7.20 7 months prior for 
abdominal pain shows beaking of the left femoral cortex 
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Fig. 7.24 Transverse 
CT image from the same 
scan as in Fig 7.23 
shows lateral cortical 
thickening of the left 
femur 
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Fig. 7.25 AP radiograph of the left hip shows a complete 
AFF. Note the lateral cortical beaking and the presence of 
a developing AFF superior to the fracture. Note the varus 
angulation, another classic finding 



Fig. 7.26 X-ray of the contralateral femur was performed 
to rule out developing AFFs. Multiple areas of lateral cor- 
tical thickening are present 
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Fig. 7.27 (a) Radiograph after prophylactic femur fixa- 
tion with a long intramedullary gamma nail (patient C). (b) 
Dual-energy X-ray absorptiometry (DXA) of a 59-year- 


old (patient D) on current bisphosphonate therapy. There is 
beaking of the medullary aspect of the lateral femoral 
cortex 
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Fig. 7.28 Frontal radiograph of the right femur in a 
patient (patient E) who suffered a complete AFF 2-and-a- 
half years prior. The fracture shows nonunion despite con- 
ventional fixation with a long cephalomedullary nail. 
Note that subtle cortical buttressing (thickening) of the 
lateral and medial cortex is still present 
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List of Abbreviations 

AFF Atypical femoral fracture 

ASBMR American Society for Bone and 
Mineral Research 
BMI Body mass index 

BMU Basic multicellular unit 

BP Bisphosphonate 

GC Glucocorticoid 

PTH Parathyroid hormone 

RPI Reference point indentation 


Summary 

• Atypical fractures are stress fracture-like 
breaks that occur during normal activity at 
unusual, i.e., atypical sites, in the bone; the 
most common site is the femur. 

• The incidence of AFFs is very low compared 
to the number of osteoporotic fractures 
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prevented by bisphosphonates and other anti- 
resorptive therapies. 

• Common characteristics of these fractures 
include a beak-like appearance on the lateral cor- 
tex, thickened cortices, and bilateral occurrence; 
they often are preceded by prodermal pain. 

• Atypical femoral fractures (AFFs) occur most 
frequently in patients given antiresorptive 
drugs, including bisphosphonates. 

• Several features of AFFs suggest that these 
failures result from repetitive loading. 

• These rare occurrences do not have a well- 
defined etiology, but likely contributing fac- 
tors include use of bisphosphonates and other 
antiresorptives, variations in skeletal morphol- 
ogy, and the presence of metabolic disorders. 

• Antiresorptive agents can affect bone material 
properties by retarding turnover, increasing bone 
mineral content, reducing bone tissue heteroge- 
neity, increasing collagen cross-linking, increas- 
ing microdamage, and decreasing toughness. 

• Changes in lower limb skeletal geometry, 
such as femoral neck- shaft angle and femoral 
curvature, alter the stresses and strains experi- 
enced in the femoral diaphysis with loading. 

• Patients with complete or partial AFFs are 
generally treated by surgical intervention, 
withdrawal of bisphosphonate treatment, and 
either a “drug” holiday or treatment with an 
anabolic agent. 
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Atypical Femoral Fractures: 

Definition 

Atypical femoral fractures (AFFs) and perhaps, 
by analogy, “atypical” fractures in other long 
bones that match the case description (see below) 
for AFFs [1, 2], are stress fracture-like breaks 
that occur during normal activity at unusual, i.e., 
atypical, sites in the bone. A task force of the 
American Society for Bone and Mineral Research 
(ASBMR) defined AFFs as “atraumatic or low- 
trauma fractures located in the subtrochanteric 
region or femoral shaft” [3]. Radiographically, 
these fractures are characterized by a “beaking” 
appearance on the lateral cortex with cortical 
thickening and a medial spike in the fracture (Fig. 
8.1) (see also Chap. 12). A transverse fracture 
line is present at the point of origin in the lateral 
cortex. Focal or diffuse periosteal, and some- 
times endosteal, reactions of the lateral cortex 
may surround the origin of the fracture. Patients 
with AFFs often complained of “prodermal” pain 
before the fracture(s) were noted, and fractures 
often occur bilaterally. AFFs occur most fre- 
quently in patients given antiresorptive drugs, 
including bisphosphonates, which were associ- 


ated with the first case reports [4-6]. To date, one 
case has been reported with denosumab [7]. The 
ASBMR Task Force initial report provided the 
case definition of “atypical femoral fractures” 
[3]. The second ASBMR report refined the initial 
definition [8]. 

The incidence of AFFs is very low [8], espe- 
cially when compared to the number of osteopo- 
rotic fractures prevented by bisphosphonates and 
other antiresorptive therapies [9, 10]. The rela- 
tive risk (or odds ratio) of AFFs is more variable 
and has been reported as ranging from 2 to 47 

[11] . Factors contributing to the variability of the 
relative risk are important to consider: does the 
variability just reflect regional variation, specifi- 
cally the relative length of time patients in differ- 
ent geographic areas have been on antiresorptive 
drugs or, as recently suggested [12], variations in 
the authors’ definitions of an atypical fracture? 
Since the calculation of relative risk depends on 
the types of patients in the case and control 
groups, the latter is likely the case. In a letter to 
the editor of Journal of Bone and Mineral 
Research that was published in Acta Orthopaedica 

[12] explaining the variation in observed AFF 
rate in different studies, the authors of the letter 
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Major features: 

1 , location: lesser trochanter to supercondylar flare 

2, minimal or no trauma 

3, transverse or short oblique configuration 
4* noncomminuted 

5. fracture through both cortices with medial spike 

Minor features: 

1. localized periosteal reaction of lateral cortex 

2, increased cortical thickness of diaphysis 
3* prodromal symptoms 

4, bilateral fractures and symptoms 

5, delayed healing 

6, comorbid conditions 

7, use of pharmaceutical agents 



Fig. 8.1 ASBMR-established AFF criteria and schematic with radiograph illustrating the major features of AFFs 
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pointed out that the “fatigue- type” fracture noted 
in elderly populations and associated with 
material failure was referred to as atypical 
whether or not the fracture occurred in the femo- 
ral shaft or in the subtrochanteric region. Hence, 
AFFs reported in some studies did not meet the 
ASBMR definition. Factors contributing to the 
discrepancy in odds ratio could include the 
absence of radiographic data, a broad definition 
of shaft fractures, and the absence of a fracture 
line perpendicular to the cortex [13]. 


Conditions and Treatments 
Associated with AFFs 

Independent of the relative risk of AFF, the 
majority of existing studies that based their eval- 
uation of AFFs on the ASBMR criteria found an 
association between duration of use of bisphos- 
phonates and incidence of AFF [8, 14-16], with 
incidence increasing with prolonged use of anti- 
resorptive drugs. Association of bisphosphonates 
with AFF, however, remains debatable as AFFs 
continue to be reported in bisphosphonate-free 
patients [17]. Large population-based studies of 
older women, with validated fracture codes, sup- 
port the association of long-term bisphosphonate 
(BP) use and AFFs [18]. In contrast, based on 
propensity data, AFFs were equally common to 
people using bisphosphonates and to those using 
raloxifene (a selective estrogen receptor modula- 
tor) or calcitonin [19]. Notably, reports of subtro- 
chanteric (atypical) fractures began after the 
introduction of bisphosphonates [20]. This obser- 
vation, and the radiographic findings indicating 
the association of AFF with long-term (>5 years) 
bisphosphonate use [21, 22], lends support to the 
association between AFFs and antiresorptive 
drugs, but the data to date have not been conclu- 
sive. Readers are again reminded that today, 
bisphosphonates and other antiresorptive drugs 
have been remarkably effective in reducing 
osteoporotic fracture incidence [3, 8-10]. 

The question to be addressed in this review is 
why the use of antiresorptive medication results 
in AFFs. Although this fracture is a rare occur- 
rence, the etiology is important. Possible answers 


to the association between bisphosphonate treat- 
ment and AFF include (1) patients who get AFFs 
did not need bisphosphonates or related drugs but 
were treated, resulting in a situation in which 
bone remodeling is oversuppressed; (2) oversup- 
pression alters the material properties of bone to 
such an extent that the tissue becomes more brit- 
tle; (3) alterations in bone morphology increase 
the stresses on the femur and put specific sets of 
patients at risk; and (4) the patients were receiv- 
ing other medications, such as glucocorticoids 
(GC), that also affect the bone tissue properties, 
and the combined treatment is adverse. Each of 
these possibilities is supported by existing data as 
discussed below, and finally, some component of 
each of these factors likely contributes to the 
development of AFFs. One key issue in looking 
at both etiology and mechanism is the variability 
in the profiles of the small number of AFF 
patients. 


Serum and Other Noninvasive 
Clinical Markers of AFFs 

Serum or other noninvasive clinical markers would 
be desirable to detect early signs of AFFs or to rec- 
ognize individuals at risk for AFFs who should not 
be treated with antiresorptive drugs associated with 
AFFs. To date, unfortunately, no definitive associa- 
tions have been identified between AFF and serum 
markers. However, through these studies, other 
metabolic contributors to AFFs have been identi- 
fied (see section “Contribution of Metabolic 
Disease to Development of AFF”) [23, 24]. 

Histological Markers of AFF 

Studies examining bone tissue next to the frac- 
ture site generally found decreased bone forma- 
tion but normal bone remodeling and no evidence 
of a mineralization defect in patients with AFFs. 
Because these tissues were collected at variable 
times after the fracture occurred and did not 
always include double labeling to measure bone 
formation rate, the meaning of the overall 
histomorphometric data is difficult to interpret. 
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The presence of a fracture callus and radiolu- 
cency on the lateral cortex where these fractures 
initiate suggests that bone tissue is still actively 
formed and resorbed. However, a limited number 
of case reports of AFFs show no or very few dou- 
ble labels indicating that mineralization is not 
occurring [25]. 


Are AFFs "Stress" Fractures Rather 
than "Insufficiency" Fractures? 


Insufficiency fracture 

Insufficiency fracture is a fracture that occurs 
at a load that would normally not cause fail- 
ure, because the mechanical strength of the 
bone is compromised. The same load applied 
to the skeleton of a healthy individual would 
not result in a fracture. 

Stress fractures are fractures which 
occur as a result of repetitive loading at 
subfailure loads in the skeleton of a healthy 
individual. 


Several features of AFFs suggest that these 
failures result from repetitive loading (fatigue- 
type fractures). AFFs occur with minimal or low 
loads. Fracture occurs when the applied loads 
exceed the load-bearing capacity of a structure 
such as a long bone. This process can result either 
due to a single high overload (traumatic failure) 
or as a result of repeated subfailure loads (fatigue 
failure). Fatigue failure results from cyclic load- 
ing over time at loads that are below the single 
fracture load, which appears to correspond to the 
AFF mechanism. Repetitive loading in fatigue 
initiates damage in the form of cracks or micro- 
cracks, damage accumulates with continued 
loading until these cracks propagate and coalesce 
to produce catastrophic structural failure. This 
process of damage development and propagation 
depends on cortical geometry and tissue mechan- 
ical properties. Therefore, AFFs likely result 
from a fatigue-based mechanism. 


A further indication that AFFs are stress 
fractures is the presence of a localized periosteal 
response and the prodromal symptoms. The 
periosteal response includes not only a general 
thickening of the cortex but also the “beaking” 
seen on the lateral cortex and is often accompa- 
nied by a radiolucent line that is presumably 
a localized healing or remodeling response. 
Similar local tissue responses are present in 
stress fractures induced through strenuous ath- 
letic activity. The cortices of bones of patients 
with AFFs appear thicker, but whether this 
reflects bisphosphonate treatment or AFF devel- 
opment or a combination of the two is not 
known. 

If AFFs are indeed stress fractures, then two 
bone tissue properties are critical to characteriz- 
ing the tissue-level changes: fatigue behavior for 
understanding the performance under repetitive, 
non-failure loading, and fracture toughness for 
understanding crack propagation. While these 
properties have been reported for healthy human 
cortical bone tissue, our knowledge of the effects 
with bisphosphonate treatment and remodeling 
suppression is limited. 


Factors Contributing to AFFs 

As mentioned above, a variety of causes may 
contribute to the development of AFFs. 
Conceptually, these factors that may underlie 
AFF can be considered in three broad categories. 
First, the use of antiresorptive drugs, particularly 
bisphosphonates, can lead to oversuppression of 
remodeling and result in alterations in bone mate- 
rial properties that adversely affect the mechani- 
cal behavior of the femur and the properties of 
cortical bone tissue (Fig. 8.2). Alterations in can- 
cellous bone with bisphosphonate treatment that 
contribute to reductions in typical osteoporotic 
fractures will not be addressed here. Second, 
individual variations in skeletal morphology 
could contribute to the presence of high stresses 
in femoral cortex, a location that bears high loads 
and normally does not fracture. Finally, as intro- 
duced above, the presence of underlying meta- 
bolic disease likely also contributes. Here, we 
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Fig. 8.2 Illustration of the possible actions of bisphos- 
phonates leading to either reduced typical fracture rates 
(primary pathway leading to green box) or to altered 
material properties in patients with AFFs (secondary path- 


review the data supporting each of these mecha- 
nisms and the impact on the ability of the femur 
to bear functional loads. 

BP-Induced Remodeling Suppression 
Leads to Adverse Tissue Material 
Changes 

Bisphosphonates are administered to reduce 
bone turnover in individuals with osteoporosis. 
Therefore, impaired bone turnover is a likely 
suspect as a cause underlying AFFs. However, 
the histological evidence is limited and mixed, 
based on double labeling of tissue to indicated 
active bone remodeling. AFF patients given 
dual tetracycline labels prior to biopsy have 
been reported to show only single or no labels 
[25, 26], while well-defined double labels have 
been reported in a patient on long-term bisphos- 
phonate treatment (>9 years) [27]. Thus, over- 
suppression of bone remodeling may not be the 
sole cause of AFFs. This suppression of bone 


way leading to red box). Bisphosphonate treatment inhib- 
its the activity of osteoclasts, disrupts the coupling 
between osteoblasts and osteoclasts, and, to a lesser 
extent, inhibits osteoblastic action 


turnover may contribute to multiple material 
changes including increased bone mineral con- 
tent of the tissue, reduced tissue heterogeneity, 
and increased microdamage formation (Fig. 
8.3). These individual material changes can 
combine to lead to brittle failure of the tissue 
and whole bone. 

Increased Bone Mineral Content 

Increased bone mineral content of bone tissue is 
a positive outcome of reduced turnover rates and 
the primary reason osteoporotic individuals are 
treated with bisphosphonates. However, this pos- 
itive effect has limitations that may contribute to 
AFF development in the small cohort of individ- 
uals who develop these fractures. In particular, 
this increase in mineral content is accompanied 
by an increase in the mean age of the tissue. The 
absence of remodeling produces not only a 
greater volume of mineralized tissue but also a 
reduced volume of newer younger tissue, result- 
ing a more homogeneous tissue with an increased 
degree of mineralization. 
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Fig. 8.3 Photomicrograph 
showing multiple cracks in 
a hematoxylin- and 
eosin-stained biopsy of a 
female patient with 
osteoporosis treated for 6 
years with alendronate 
who sustained an atypical 
femoral fracture. Courtesy 
of Dr. M. Klein, 
Department of Pathology, 
HSS 


1 

I 




Reduced Tissue Heterogeneity 

BP treatment has multiple effects on tissue compo- 
sition and ultimately results in a more homoge- 
nous tissue without the heterogeneity in 
composition that is normally a hallmark of bone 
tissue. Changes in bone composition have also 
been reported both in short-term iliac crest biop- 
sies from alendronate-treated women [28], iliac 
crest biopsies from individuals with AFF on 
bisphosphonates [25], and in biopsies obtained 
adjacent to the fracture site in bisphosphonate- 
treated women [25, 29]. Compositional variability 
was reduced in biopsies from individuals with 
AFFs [25, 29]. When mineral composition was 
examined as a function of typical or atypical frac- 
ture morphology in patients on bisphosphonates, 
the compositional properties of tissue from 
patients with AFFs ( n = 6) fell within the range of 
values from patients with typical fractures (n = 14), 
except the mean cortical degree of mineralization 
was 8 % greater in AFF tissue (atypical 5.6 ±0.3 
versus typical 5.2 ±0.5) than in bisphosphonate- 
treated patients with typical osteoporotic fractures 
[29]. Biopsies were also included from bisphos- 
phonate-naive individuals with fragility fractures, 
none of whom experienced AFFs. Although the 
mean values of most compositional properties 


were similar in both fracture groups, the tissue in 
bisphosphonate-treated patients had a more uni- 
form composition than that of bisphosphonate- 
naive patients with typical fractures. A study of 
iliac crest biopsies from AFF and control patients 
focused on trabecular tissue and examined similar 
compositional outcome measures [25]. While 
AFFs were not only present with bisphosphonate 
treatment, the biopsies were obtained from four 
patients on long-term bisphosphonate therapy. 
Trabecular tissue from the iliac crest of individuals 
with AFF had increased degree of mineralization, 
increased collagen maturity, and decreased miner- 
alization heterogeneity. These compositional and 
morphological features could explain the higher 
incidence of fracture in these patients. Similar 
decreases in bone material heterogeneity were 
reported with treatment by different bisphospho- 
nates including alendronate [28-32], risedronate 
[33], and zoledronic acid [34]. Oversuppression of 
remodeling by long-term treatment with bisphos- 
phonates allows the proliferation of microcracks 
that weaken the bone tissue. Thus, loss of hetero- 
geneity may reflect suppressed bone remodeling 
and inability to repair microcracks while also 
resulting in less resistance to crack formation and 
propagation. 
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Increased Collagen Cross-Linking 

A further material change with bisphosphonate 
treatment is increased nonenzymatic collagen 
cross-links [28, 29]. At the tissue level, reduc- 
tions in post-yield toughness were associated 
with increased nonenzymatic collagen glycation 
in cortical tissue of the tibia from dogs treated 
with high doses of alendronate, but not when 
clinically equivalent doses were administered 
[35]. While limited data exist for the composition 
of bone in individuals with AFF, changes in the 
collagen maturity, a measure of the ratio of non- 
reducible to reducible collagen cross-links, were 
reported in both cortical and cancellous tissue 
[25, 29] and suggest that they may arise from 
prolonged bisphosphonate treatment. 

Increased Microdamage Formation 

Suppression of remodeling by bisphosphonates 
increases microdamage in cortical bone tissue. 
Bone microdamage increases due to diminished 
repair [36-39] and increased crack burden, pos- 
sibly due to a less heterogeneous tissue, leading 
to failure at lower energy and in a more “brittle” 
mode. Reduced post-yield toughness of bone tis- 
sue was associated with increased crack lengths 
and density in dogs treated with high doses of 
either alendronate or risedronate [40, 41]; how- 
ever, increased microdamage was not present in 
animals treated with etidronate [42] . As described 
above, remodeling suppression reduces or elimi- 
nates “normal” bone tissue micro structural het- 
erogeneity that results from having osteons and 
cement lines of different ages. In healthy tissue, 
the local differences in material properties pro- 
duced by microstructural features are essential in 
dissipating energy and blunting crack propaga- 
tion. Loss of these natural interfaces and crack- 
blunting processes can result in brittle-mode-type 
fractures [36, 37, 42, 43]. In addition, the lack of 
remodeling limits the repair of this damage. 

Both brittleness and loss of heterogeneity 
allow greater progression of microscopic cracks 
(Fig. 8.2) that can occur with usual physical 
activity. Material heterogeneity is a mechanism 
that normally dissipates crack tip growth energy, 
thereby limiting crack growth. In a more homo- 
geneous tissue, the energy to grow a crack is 


reduced and crack progression is less impeded. 
Targeted repair of cracks by newly activated 
BMUs appears to be preferentially suppressed by 
BPs [38]. In classical fracture mechanics, loss of 
material heterogeneity is associated with 
increased crack initiation and less resistance to 
crack propagation, leading to a greater risk of 
fracture [44, 45]. In cortical bone, transverse 
cracks are normally deflected longitudinally, lim- 
iting the effects of damage when the tissue is 
loaded. The remarkable straight transverse frac- 
ture line seen with AFF is an indicator of the dra- 
matically altered tissue material properties and 
the failure of usual mechanisms to bridge or 
deflect the crack. 

Decreased Toughness of Cortical Bone 

In cortical bone, the functional outcome of these 
multiple effects of BP treatment can be to alter 
the mechanical behavior of bulk samples as in the 
case of AFF, presumably reflecting the combined 
effects of the increased bone mineral content, 
reduced heterogeneity, and increased microdam- 
age associated with suppressed bone turnover. In 
general, bone material strength and stiffness were 
not altered in cortical bone, but post-yield tough- 
ness decreased at high doses [40, 46] . Preclinical 
studies examining bone properties primarily have 
been performed in estrogen-replete dog models 
using supraphysiological BP doses [37]. The 
majority of these studies have examined alendro- 
nate treatment, but these changes are also reported 
with risedronate and etidronate. The reduced 
post-yield deformation likely reflects increased 
damage formation, contributing to the brittle fail- 
ure evident in AFF. Excessively reduced post- 
yield toughness produces brittle behavior, which 
is defined as the absence of post-yield 
deformation. 

Nanomechanical Behavior 

When the mechanical behavior is examined in 
small volumes of cortical bone tissue, the elastic 
behavior has been reported to be both reduced and 
unaffected. The reported differences may reflect 
levels of scale. Reference point indentation (RPI) 
has previously shown differences in the in vivo 
bone microindentation properties at the anterior 
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tibial cortex of patients with hip fractures com- 
pared to age-matched controls [47]. Using RPI, 
no differences were present among typical and 
atypical fracture cases at the mid-tibia for micro- 
indentation properties nor were these cases differ- 
ent from patients on long-term bisphosphonate 
treatment, whose values were intermediate 
between controls and those who sustained frac- 
tures [48]. The similarity of properties among 
fracture cases suggests that the alterations in tis- 
sue-level material properties in individuals with 
AFF are similar to those of individuals who sus- 
tain osteoporotic fractures. Micromechanical 
properties were reduced in patients using alendro- 
nate for 6-10 years, corresponding with decreased 
mineral crystallinity, elastic modulus, and contact 
microhardness [49]. Tissue from patients with 
AFF was not examined. These relatively larger 
sampled volumes may include damage and other 
effects, but these effects would also be present 
with RPI, so in vivo measurement may be a criti- 
cal difference. Nanomechanical analysis of iliac 
crest biopsies of individuals with severely sup- 
pressed bone turnover and atypical fractures 
(SSBT) showed no differences in cortical modu- 
lus or hardness of cortical tissue from AFF 
patients relative to age-matched and young female 
controls and osteoporotic individuals who had 
experienced vertebral fractures [50]. Plastic 
deformation resistance was greater in tissue from 
individuals with SSBT. Nanomechanical differ- 
ences were present in their cancellous tissue. 
Tissue-level heterogeneity of the elastic modulus 
and plastic deformation resistance was reduced in 
the cortical bone of the biopsies from patients 
with suppressed bone turnover. While hardness 
and plastic deformation resistance are inelastic 
measures, their relationship to the tissue-level 
toughness has not been established. 

Finally, if AFFs are due to impaired remodeling 
and associated mechanisms, as described, a similar 
fracture pattern might be expected in individuals 
with pycnodysostosis, a rare disorder with muta- 
tions in cathepsin K, the enzyme that digests the 
organic matrix of bone during the remodeling pro- 
cess [5 1]. In fact, AFFs have been reported in some 


patients with pycnodysostosis [52]. However, 
AFFs have not been reported in other cases of pyc- 
nodysostosis or in patients with other defects in 
remodeling, such as osteopetrosis. 

Lower Limb Morphology Alters 
Stresses in the Femur 

The frequent bilateral incidence of AFF suggests 
a mechanical etiology associated with individual 
anatomy, in addition to any remodeling-induced 
changes. Changes in lower limb skeletal geome- 
try, such as femoral neck- shaft angle and femoral 
curvature [53], will alter the stresses and strains 
experienced in the femoral diaphysis with load- 
ing. Skeletal structure and kinematics have been 
correlated with the risk of stress fracture in young 
active individuals [54-56]. The incidence of typi- 
cal osteoporotic hip fractures is lower in Asian 
women [57], yet the incidence of AFF is higher 
[22, 58]. Femoral geometry differs between 
Asian and Caucasian women, including shorter 
hip axis lengths and smaller femoral neck- shaft 
angles in Asian women [59]. If such geometric 
variations contribute to typical fracture rate dif- 
ferences, similar factors may also explain AFF 
incidence rates. The exact contribution of lower 
limb skeletal morphology to AFFs is yet to be 
determined, but the evidence shows morphology 
is likely a contributing factor [60]. 

Contribution of Metabolic Disease 
to Development of AFF 

In addition to osteoporosis, other metabolic 
abnormalities may be present in AFF patients. 
Comorbidities of AFFs such as bisphosphonate 
therapy, use of GCs, and other complications 
likely contribute to the alterations in tissue prop- 
erties that result in AFFs. In a review of 31 pub- 
lished cases and one unpublished case, proton 
pump inhibitor and GC use were found in a 
majority of the AFF patients [24]. Moreover, ~76 
% of the AFF patients had at least one major 
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chronic disorder. AFFs occurred in patients with 
hypophosphatemia, indicating that some under- 
lying disorder in metabolic status was a contrib- 
uting factor to AFFs. A recent study using 
ASBMR criteria to identify AFFs examined 
serum markers in an Italian population compar- 
ing women with AFF (n- 11) to women with 
typical fractures {n- 58) admitted to a single hos- 
pital over a period of 3 years [23]. Younger age, 
use of bisphosphonates, and hypercalcemia were 
features of the AFF patients, while elevated PTH 
was reported to be protective. The younger age of 
the patients is supported by other studies [24, 
61]; however, hypercalcemia, earlier menopause, 
and higher BMI associated with AFFs have not 
been confirmed. 


Treatment and Prevention of AFFs 

In general, most patients with complete or partial 
AFFs are treated by surgical intervention (rod- 
ding or pinning), withdrawal of bisphosphonate 
treatment, and either a “drug” holiday or treat- 
ment with an anabolic agent [62]. 

Drug Holiday 

Cessation of bisphosphonate treatment for what 
is termed a “drug holiday” is a common treat- 
ment for AFF and prophylaxis for individuals 
on long-term bisphosphonate treatment. 
However, the duration and effectiveness have 
not been established. Yet the literature contains 
numerous recommendations of a “drug holiday” 
for users of bisphosphonates [63-67]. The sug- 
gested length of such a holiday ranges from 1 
year to longer indeterminate times [68, 69]. 
When the drug holiday should start is also unre- 
solved, although suggested times range from 2 
to 5 years or longer [70, 71]. The use of deno- 
sumab, which has been shown to have fully 
reversible effects on bone turnover [72], might 
also be considered, although AFF has been asso- 
ciated with denosumab use [7]. Generally, the 


initiation and length of the holiday should be 
based on clinical judgment. 

Use of Anabolic Agents 

A recent alternative approach to treating AFFs 
rather than starting a “drug holiday” is to switch 
the patient to an anti-catabolic or anabolic ther- 
apy such as parathyroid hormone [73] or newer 
modalities such as sclerostin antibody [74]. Until 
the mechanism through which AFFs develop is 
established, selecting the appropriate therapy 
will be difficult. Both positive and negative 
results have been reported using these treatment 
modalities. However, the effectiveness of these 
therapies assumes that antiresorptives are the 
causative factor of AFF [8]. 


Conclusion 

AFFs or, as the definition is widened, atypical 
fractures (AFs) are stress fracture-like fractures 
that occur at unexpected locations in weight- 
bearing bones. Characterized by a beak-like 
appearance on the lateral cortex, thickened corti- 
ces, bilateral occurrence, and often preceded by 
prodermal pain, these rare occurrences do not 
have a well-defined etiology. Often associated 
with long-term bisphosphonate use, having bone 
tissue of reduced heterogeneity and increased 
numbers of microcracks, their material properties 
generally do not appear different from typical 
fractures in age-matched patients. To date, no 
evidence exists for other causes beyond increased 
remodeling suppression, yet most individuals 
taking antiresorptive agents long-term do not 
have this adverse reaction. Thus, further clues 
must be sought to the etiology, while at the same 
time attempting to minimize risk in those patients 
taking bisphosphonates long-term. 
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Summary 

• Atypical femur fractures (AFFs) have a spe- 
cific clinical presentation discussed in the 
American Society of Bone and Mineral 
Research (ASBMR) task force document. 

• These fractures are associated with very mini- 
mal to no trauma, the presence of prodromal 
pain, and the presence of contralateral symp- 
toms or fractures. 

• Certain patients may be more at risk for AFFs, 
including those with rheumatoid arthritis, 
breast cancer, and hypophosphatasia or those 
taking medications such as bisphosphonates, 
glucocorticoids, and proton pump inhibitors. 

• Careful evaluation of the contralateral side in 
a patient with an AFF is paramount. 


Introduction 

The clinical presentation of AFFs exhibits spe- 
cific characteristics not seen in traumatic injuries 
and typical hip fractures occurring in the elderly. 

Y. Bogdan, MD (E3) • T.A. Einhorn, MD 
Department of Orthopaedic Surgery, Boston 
University Medical Center, 850 Harrison Ave, 

Dowling 2 North, Boston, MA 02118, USA 
e-mail: ybogdan@gmail.com 


The 2013 ASBMR task force document [1] 
presents the most current definition of AFFs 
(Table 9.1). This definition includes both radio- 
logic and clinical criteria, and it is the latter that 
comprises the focus of this chapter. 


Patient Characteristics 

The vast majority of subtrochanteric and diaphy- 
seal femur fractures are caused by major trauma 
such as motor vehicle accidents, particularly in 
men. However, with increased age, the incidence 
of lower-energy trauma as a cause of these frac- 
tures rises until the incidence in women over- 
takes that of men [2] . This parallels the rise in hip 
fractures in elderly women [3]. AFFs, like hip 
and other fragility fractures, also predominantly 
affect the older female patient population. 

There is some evidence that patients affected 
by AFFs differ from “typical” hip fracture 
patients with regard to level of functioning, par- 
ticularly after surgery. A study of 191 operatively 
treated AFF patients recently presented at the 
Orthopaedic Trauma Association meeting [4] 
noted that 93 % were living in their homes at the 
time of final follow-up, with a mortality rate of 2 
%. In contrast, a study of 87 subtrochanteric frac- 
ture patients showed a mortality rate of 25 % at 1 
year, and 7 1 % of patients were unable to return 
to their previous living arrangement [5]. This 
suggests that there may be a difference in the two 


© Springer International Publishing Switzerland 2016 

S.L. Silverman, B. Abrahamsen (eds.), The Duration and Safety 

of Osteoporosis Treatment, DOI 10. 1007/978-3-3 19-23639- 1_9 


137 


138 


Y. Bogdan and T.A. Einhorn 


Table 9.1 Updated criteria to the definition of atypical 
femur fractures, as listed in the 2013 ASBMR task force 
document [1] 

All fractures are located along the femur from distal to 
lesser trochanter to proximal to supracondylar flare 
PLUS 

Major features: (four of five are required) 

- No trauma or minimal trauma 

- Fracture originates in lateral cortex and is 
substantially transverse but may become oblique as 
progresses medially 

- Fracture is noncomminuted or minimally 
comminuted 

- Complete fractures extend through both cortices and 
may be associated with medial spike; incomplete 
fractures involve only lateral cortex 

- Localized periosteal or endosteal thickening of 
lateral cortex is present at fracture site (beaking or 
flaring) 

Minor features: (none are required) 

- Generalized increase in cortical thickness of femoral 
diaphysis 

- Unilateral or bilateral prodromal symptoms 

- Bilateral incomplete or complete femoral 
diaphysis fractures 

- Delayed fracture healing 

Definitions specifically discussed are in bold 
Data from Shane E, et al. Atypical subtrochanteric and 
diaphyseal femoral fractures: Second report of a task 
force of the American Society for Bone and Mineral 
Research. J Bone Miner Res 2013. Epub May 28 

populations at baseline, as well as in their 
response to the same operative treatment (cepha- 
lomedullary nailing). 


Task Force Document: Major 
Features 

The ASBMR task force definition lists “minimal 
to no trauma” as a major feature of AFFs that 
must be present in order for a fracture to be clas- 
sified as such. While low-energy trauma that 
causes hip (femoral neck and intertrochanteric) 
fractures is common among the elderly, the vast 
majority of subtrochanteric and femoral shaft 
fractures in the general population are caused by 
major trauma such as motor vehicle accidents. 
Even in cases where low-energy trauma results in 
femoral shaft fractures in older patients, how- 
ever, the fracture configurations are different than 
those seen in AFFs [6] . 


The most common mechanism of injury for 
AFFs appears to be either a ground-level fall or 
nontraumatic activities such as walking or stepping 
off a curb. In an early study [7], five of nine patients 
with AFFs had femoral shaft fractures, and all 
occurred during walking or turning. Another study 
of 25 patients [8] with AFFs who were matched 
with a cohort of similar age showed a ground-level 
fall to be the cause of 96 % of the AFFs. 


Task Force Document: Minor 
Features 

The presence of prodromal symptoms in the 
affected extremity is very common in AFFs, 
occurring at a rate of approximately 70 % [1]. 
This figure is based on data accumulated from 
case series reviewed by the ASBMR task force, 
but the number in individual studies varies, and a 
recent large series noted a 32 % rate of prodromal 
symptoms [4]. Smaller series vary, with 41 % [9], 
63 % [10], 67 % [11], and 76 % [12] rates of 
prodromal pain, although those series involved 
low patient numbers (maximum n = 22). 

Prodromal pain first occurs any time from 2 
weeks to several years prior to the fracture [9, 
12]. It commonly presents as pain in the anterior 
or lateral thigh and often in the groin as well [12]. 
The presence of prodromal pain may be the first 
sign necessitating a radiograph in these patients, 
which may then show a stress lesion in the cortex 
(discussed elsewhere in this book). Both stress 
lesions and the presence of prodromal pain have 
been shown to increase the risk of subsequent 
fracture [13]. The presence of prodromal pain, 
particularly in a patient on bisphosphonates, 
should be a concerning signal that warrants clini- 
cal and radiologic investigation. 

Another major clinical characteristic of AFFs 
is the presence of contralateral symptoms and/or 
fractures. These fractures can occur both sequen- 
tially and simultaneously and are often associ- 
ated with prodromal pain. Initial small studies 
[12, 14] showed an approximately 20 % rate of 
contralateral fractures, and in one study, two out 
of the three patients with bilateral fractures had 
sustained them simultaneously [14]. Another 
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study of seven patients with AFFs identified four 
with a stress reaction on the contralateral side, 
with all four patients presenting with prodromal 
pain [15]. One of the four eventually fractured 
through the site of stress reaction after a fall, 
while the other three patients received a prophy- 
lactic cephalomedullary nail. 

One recent series of 191 operatively treated 
AFFs confirmed the contralateral fracture rate 
reported in a smaller series [12], noting a 19 % 
rate of contralateral fractures, 20 months on aver- 
age after their index procedure [4]. Notably, 50 % 
of those patients had discontinued bisphospho- 
nate treatment at the time of their first procedure. 
Also in that study, 32 % of the patients with con- 
tralateral fractures who had information available 
had prodromal pain, and 59 % (10/17 with avail- 
able data) had a stress reaction on X-ray prior to 
their contralateral fracture [4]. These data under- 
score the need to carefully evaluate the contralat- 
eral femur in AFF patients, even if prodromal 
symptoms are not present. 

Another clinical feature of AFFs that may be 
found in the patient history is an association with 
several comorbid conditions. One is hypophos- 
phatasia, an error of metabolism in which a loss- 
of-function mutation occurs in the gene encoding 
alkaline phosphatase. This results in pyrophos- 
phate accumulation and causes osteomalacia due 
to impaired mineralization. This, in turn, can 
result in femoral pseudofractures that are often 
bilateral and occur in the subtrochanteric region 
[16]. This further supports the hypothesis that 
bisphosphonate treatment is related to AFFs, 
because bisphosphonates are analogs of inor- 
ganic pyrophosphate. Other conditions that may 
be found on presentation of AFFs are rheumatoid 
arthritis and breast cancer. An analysis of the 
FDA Adverse Effect Reporting System (FAERS) 
showed a 7 % rate of rheumatoid arthritis and a 2 
% rate of breast cancer in suspected AFF patients. 
In the case of breast cancer, it is unclear whether 
concomitant administration of bisphosphonates 
is the cause of the association between this malig- 
nancy and AFFs, and several studies [17, 18] 
have examined this question. 

The last aspect of AFF presentation mentioned 
in the task force document is the association with 
medication use in the patient’s history. In a 2011 


study, Park et al. [19] showed that although the 
absolute risk of AFFs was very low, the odds ratio 
was 2.74 in the case of older women taking 
bisphosphonates for greater than 5 years. Another 
cohort analysis of 12,777 women greater than age 
55 isolated 59 patients with AFFs, with an adjusted 
odds ratio of 33.3 for bisphosphonate use (i.e., 78 
% of the AFFs vs. 10 % who did not have AFFs 
used bisphosphonates) [20]. The popularity of 
bisphosphonates has come hand in hand with a 
rise in subtrochanteric fractures and a decline of 
“typical” hip fractures, particularly in females 
[21]. Glucocorticoids are also implicated in AFFs 
[22, 23], as well as in general osteoporotic frac- 
tures [24]; one study of 20 AFF patients gave a 5.2 
odds ratio for developing an AFF if a patient used 
glucocorticoids for more than 6 months [23]. 
Lastly, proton pump inhibitors such as omeprazole 
have been found in the medication history of 
approximately 34-39 % of AFF patients [1]. Like 
glucocorticoids, proton pump inhibitors are also 
noted to be associated with osteoporotic hip and 
wrist fractures if they are used long-term [25]. 


Conclusion 

The clinical presentation of AFFs is noted in the 
ASBMR task force document. The physician 
should be aware of warning signs such as prodro- 
mal pain, which may signal an impending frac- 
ture, as well as bilateral symptoms. The presence 
of these symptoms, particularly in a patient with 
risk factors such as rheumatoid arthritis, breast 
cancer, or use of bisphosphonates, is concerning 
and should be evaluated thoroughly. Radiologic 
findings and current treatment recommendations 
are discussed elsewhere in this book. 
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Summary 


• Bone mineral density (BMD) is only one deter- 
minant of bone strength. Another major con- 
tributor is change in bone microarchitecture. 

• Trabecular and cortical microarchitectures are 
generally preserved or improved with antire- 
sorptive therapy. 
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• In vivo approaches for assessment of bone 
microarchitecture are useful research tools, 
but their utility in clinical management of 
patients remains to be established. 


Introduction 

Measurement of BMD by dual-energy X-ray 
absorptiometry (DXA) is widely accepted for both 
clinical and research use. Although the measure- 
ment of BMD measurement by DXA is a validated 
predictor of fracture, most fracture victims have 
only modestly reduced BMD, and the changes in 
BMD with osteoporosis therapy do not fully 
explain the degree of fracture reduction [1-5]. For 
example, in postmenopausal women with low 
femoral neck bone density and at least one verte- 
bral fracture, alendronate increased spine and fem- 
oral neck BMD by 6.2 % and 4.1 %, respectively, 
which was sufficient to reduce the risk of vertebral 
fracture by approximately 50 % and nonvertebral 
fractures by approximately 30 %, reductions that 
are significantly greater than would be predicted 
based on BMD changes alone [6]. 

One possible reason that changes in BMD fol- 
lowing treatment underestimate the observed 
reductions in fracture risk is that BMD is only 
one determinant of bone strength. Other potential 
contributors to fracture risk reduction following 
osteoporosis therapies include changes in bone 
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morphology, bone microarchitecture, and/or the 
intrinsic properties of bone tissue (such as degree 
of mineralization or collagen cross-linking). 
DXA is a two-dimensional imaging method that 
assesses areal BMD and thus cannot separately 
delineate changes in the trabecular and cortical 
compartments or bone microarchitecture. 
Trabecular and cortical bone have unique 
responses to treatment and possibly distinct con- 
tributions to overall bone strength. The develop- 
ment of high-resolution imaging with ex vivo 
micro-CT and in vivo high-resolution peripheral 
quantitative computed tomography (HR-pQCT) 
allows for the assessment of compartment- 
specific bone densities, as well as parameters of 
bone microarchitecture [7-10]. 

This chapter focuses on change in bone micro- 
architecture in response to antiresorptive therapy 
as evaluated by histomorphometry and ex vivo 
micro-CT analyses of iliac crest biopsies and 
noninvasive high-resolution imaging. 


Effect of Antiresorptive Therapy 
on Bone Microarchitecture 
as Assessed by Histomorphometry 
and Ex Vivo Micro-CT 

Trabecular and cortical microarchitecture can be 
assessed using two-dimensional (2-D) histomor- 
phometry of iliac crest bone biopsies. Trabecular 
bone volume fraction (BV/TV), trabecular thick- 
ness, trabecular separation, trabecular number, 
cortical thickness, and cortical porosity may be 
evaluated [11]. The addition of micro-CT allows 
for nondestructive imaging of ex vivo human 
samples and provides for three-dimensional (3-D) 
assessment of many of the same morphologic 
parameters assessed by histomorphometry [7, 8]. 
The potential advantage of micro-CT is that the 
evaluation is done in 3-D and, perhaps more 
importantly, incorporates a much larger volume 
of bone than is evaluated in a few thin histologic 
sections. This larger volume of bone may provide 
a more robust indication of the skeletal response 
to treatment. However, it is unclear how closely 
changes in bone structure at the iliac crest reflect 
changes in bone structure elsewhere in the body. 


Effect of Antiresorptive Therapy 
on Trabecular Microarchitecture 

Numerous studies have reported antiresorptive 
treatment-induced changes in trabecular microar- 
chitecture as assessed by 2-D histomorphometry 
and 3-D micro-CT of iliac crest biopsies [12-28]. 
Most of these studies are cross-sectional, with 
comparisons made between a treated and placebo 
group at the end of the study [12-20]. A few stud- 
ies are longitudinal, with baseline and follow-up 
iliac crest biopsies in the treated and placebo 
groups [21-28]. 

Treatment with raloxifene for 6 months 
showed no significant change in trabecular BV/ 
TV, thickness, or number as assessed by 2-D his- 
tomorphometry of paired baseline and end-of- 
study biopsies [22]. Similarly, Bravenboer et al. 
assessed 12 paired iliac biopsies and reported no 
change in trabecular bone volume or thickness 
after 2 years of pamidronate [21]. In contrast, tra- 
becular BV/TV and thickness were higher, while 
trabecular spacing was lower after 2 or 3 years of 
alendronate {n- 29) compared to the placebo 
group (n = 59) in a cross-sectional study [16]. 
Results from 3-D micro-CT were also consistent 
with these favorable trabecular histomorphomet- 
ric findings. Evaluated using baseline and follow- 
up biopsies, risedronate treatment showed 
preservation of trabecular BV/TV and microar- 
chitecture after 1 and 5 years of treatment [25, 
29]. In the HORIZON trial, micro-CT analyses of 
end-of-study iliac biopsies revealed that trabecu- 
lar BV/TV and number were higher, whereas tra- 
becular separation was lower in postmenopausal 
women who received 3 years of zoledronic acid 
(ft = 79) compared to those who received placebo 
(ft = 68) [17]. In contrast, micro-CT analyses of 
end-of-study biopsies revealed no difference in 
trabecular architecture between postmenopausal 
women treated for 2 (ft = 31) or 3 (ft = 22) years 
with denosumab compared to placebo-treated 
controls (ft = 37 at 2 years, n- 25 at 3 years) [20]. 
Data from iliac biopsies following treatment with 
the cathepsin K inhibitor odanacatib (a novel 
agent that reduces bone resorption while main- 
taining bone formation) are limited. Though no 
statistical analyses were reported after 2 years of 
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treatment, trabecular thickness and number were 
similar or higher in odanacatib-treated subjects 
(n = 6) than placebo-treated controls (n = 5) as 
measured by 3-D micro-CT [19]. Clearly, more 
data are needed to draw conclusions about the 
effects of odanacatib on trabecular bone microar- 
chitecture in iliac biopsies. Altogether, these stud- 
ies show that trabecular microarchitecture 
parameters are generally preserved or improved 
with antiresorptive therapy. 

Effect of Antiresorptive Therapy 
on Cortical Microarchitecture 

The effect of antiresorptive therapy on cortical 
bone microarchitecture as assessed by bone his- 
tomorphometry and ex vivo micro-CT is less 
well studied. Two years of pamidronate showed 
no change in cortical thickness [21]. One to three 
years of risedronate treatment showed no change 
in cortical thickness compared to baseline [25, 
26]. In comparison, 2-3 years of alendronate, 
risedronate, or denosumab treatment lead to 
lower cortical porosity in iliac crest biopsy speci- 
mens [13, 20, 26]. Cortical porosity values were 
not reported in the assessment of iliac crest biop- 
sies after zoledronic acid treatment, though in 
one stratum, cortical thickness was reported to be 
higher in women treated with zoledronic acid 
when compared to placebo-treated controls [17]. 
Altogether, antiresorptive treatment is reported to 
have either no effect on iliac crest cortical bone 
microstructure or to slightly reduce cortical 
porosity and increase cortical thickness. The 
variability in outcomes likely depends on the 
cross-sectional study designs, small sample sizes, 
and high variability of cortical thickness as 
assessed from iliac crest biopsies. 


Effect of Antiresorptive Therapy 
on Bone Microarchitecture 
as Assessed by Noninvasive High- 
Resolution Imaging 

Until recently, treatment-induced microarchitec- 
tural changes could only be assessed by histomor- 
phometric analyses of iliac crest bone biopsies. 


The development of high-resolution peripheral 
quantitative computed tomography (HR-pQCT) 
(XtremeCT, SCANCO Medical AG, Switzerland) 
allows for assessment of bone microarchitecture 
at the distal radius and distal tibia in vivo. In par- 
ticular, with the standard analysis, 110 slices 
within a 9.02 mm long region of interest are 
obtained. Advantages of HR-pQCT include a 
short scan time of approximately 3 min and mini- 
mal radiation exposure (<3 pSv). The small voxel 
size (82 pm) enables measurement of not only 
cortical and trabecular volumetric bone mineral 
density (vBMD) but also geometry (cortical area, 
trabecular area) and structure (cortical thickness, 
trabecular thickness, trabecular number, and tra- 
becular separation) [30] . However, a limitation in 
current methodology is that the trabecular B V/TV 
and thickness are not directly measured, but rather 
are derived [31]. Nonetheless, the potential value 
of bone architecture assessed by HR-pQCT is 
demonstrated by studies reporting that HR-pQCT 
variables were better able to discriminate between 
women with and without a history of fractures 
than standard DXA, including a prospective study 
showing predictive value of altered cortical and 
trabecular microarchitectural parameters [9, 32- 
42]. Furthermore, many of these HR-pQCT mea- 
sures associated with fracture are independent of 
those assessed by DXA [38—40]. 

Adding to standard analysis of HR-pQCT 
images as described above, extended cortical 
analysis enables detailed imaging of cortical 
microarchitecture. Cortical vBMD, porosity, and 
thickness are assessed by direct 3-D measure- 
ments [43, 44]. This technique consists of seg- 
mentation of cortical bone compartment by an 
autocontouring process, generating periosteal 
and endosteal contours, and cortical porosity seg- 
mentation by identifying resolved Haversian 
canals within the cortical compartment. Using 
this algorithm, cortical bone volume, pore vol- 
ume, porosity, and pore diameter can be assessed. 
Of note, with this approach, HR-pQCT measure- 
ments only capture cortical pores with a diameter 
larger than approximately 100 pm. Smaller pores 
are difficult to resolve given the 82 pm voxel size. 
Nonetheless, cortical vBMD measurements have 
high precision and reflect both the larger and 
smaller pores and may be a reasonable surrogate 
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of cortical porosity. Alternate methods for assess- 
ing cortical porosity have also been introduced, 
but to date have been used less frequently than 
the extended cortical analysis method to assess 
the effects of antiresorptive therapies [45, 46]. 
The approach proposed by Zebaze and colleagues 
defines porosity via a “segmentation-free” algo- 
rithm that depends on knowledge and constancy 
of the tissue density of fully mineralized bone 
and computes porosity in inner and outer “transi- 
tional zones,” as well as the “compact-appearing 
cortex.” The potential value of cortical microar- 
chitecture measurements is demonstrated in stud- 
ies reporting that cortical porosity discriminates 
fracture cases from controls [37, 47]. 

A summary of effects of antiresorptive ther- 
apy on trabecular and cortical microarchitecture 
as assessed by HR-pQCT is outlined below and 
summarized in Tables 10.1 and 10.2. Given that 
the measurements are made in vivo, these are all 
longitudinal studies. 

Effect of Antiresorptive Therapy 
on Trabecular Microarchitecture 

Overall, the effect of antiresorptive therapy on 
trabecular vBMD and microarchitecture varies 
by treatment, skeletal site, and study. Two years 
of ibandronate treatment in postmenopausal 
women with osteopenia did not lead to significant 
improvement in trabecular vBMD in comparison 
to the placebo control group at either the distal 
radius or distal tibia [48]. Similarly, in a placebo- 
controlled study of postmenopausal women with 
low bone density, Burghardt et al. reported that 2 
years of alendronate therapy also did not change 
trabecular vBMD at the distal radius [49]. This 
finding was also observed at the distal radius in 
two other studies of postmenopausal women 
treated with alendronate [50, 51]. However, 
Seeman et al. and Burghardt et al. reported an 
increase in trabecular vBMD at the distal tibia 
after 12 and 24 months of alendronate, respec- 
tively [49, 51]. Treatments with 12 months of 
denosumab, 18 months of zoledronic acid, and 
24 months of odanacatib in postmenopausal 
women were all reported to increase trabecular 
vBMD at both skeletal sites [51-53]. 


Despite advancements in high-resolution 
imaging, changes in trabecular microarchitec- 
tural parameters in response to antiresorptive 
therapy have generally not been detected by 
HR-pQCT [48-54]. The lack of significant find- 
ings may be due to limited resolution and/or poor 
measurement precision relative to the expected 
change induced by the treatment. Although the 
reconstructed voxel size is 82 pm for the standard 
patient HR-pQCT protocol, the actual spatial 
resolution of the image is approximately 130- 
140 pm, which is about equal to the width of 
human trabeculae [55]. Moreover, subtle motion 
during the scan, more common at the radius than 
the tibia, can negatively affect the precision of 
HR-pQCT measurements thereby adding to the 
challenge of detecting small changes. Indeed, 
whereas the short-term precision of trabecular 
density measurements by HR-pQCT is excellent 
(<1 %), the short-term precision of trabecular 
microarchitecture measurements is substantially 
worse (1. 8-4.4 %) [9, 10]. Though not routinely 
used, 3-D registration of follow-up images to the 
baseline image may improve the ability to detect 
changes in bone microstructure [56, 57]. 

A recently developed technique called indi- 
vidual trabecula segmentation (ITS) enables 
detailed quantification of trabecular morphology 
(plates or rods) and direct measurements of each 
individual trabecula [58]. The effect of anabolic 
therapy on HR-pQCT-based ITS parameters has 
been reported and thus may be a useful method to 
characterize other treatment-induced changes in 
trabecular microarchitecture in the future [59]. 

Effect of Antiresorptive Therapy 
on Cortical Microarchitecture 

Several studies have reported no effect or positive 
effects on cortical microarchitecture in response 
to oral and intravenous bisphosphonate treat- 
ments, denosumab, and odanacatib. 

Reports of changes in cortical microarchitec- 
ture following bisphosphonate treatment have 
been inconsistent (Tables 10.1 and 10.2). Rizzoli 
and colleagues reported that 2 years of alendro- 
nate treatment in postmenopausal osteoporotic 
women had no influence on cortical vBMD, 


Table 1 0.1 Effect of antiresorptive therapy on trabecular and cortical density and cortical thickness at the distal radius, as assessed in vivo by HR-pQCT 

Duration Distal radius Distal radius Distal radius 

Study Drug (months) N Age (years) Tb.vBMD or BV/TV Ct.vBMD Ct.Th 

Burghardt et al. (2010) Alendronate 24 13 56 ±4 NS NS NS 

Placebo 24 20 56 ±2 NS NS NS 
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thickness, or porosity at the distal radius or distal 
tibia [50]. In contrast, in another study of post- 
menopausal women with low bone density who 
received 2 years of alendronate, Burghardt et al. 
reported an increase in cortical thickness at the 
distal tibia and no change in cortical vBMD at the 
distal tibia or cortical vBMD and thickness at the 
distal radius [49]. A similar pattern with cortical 
changes primarily observed at the distal tibia 
rather than the distal radius was also observed 
with ibandronate [48]. Specifically, in compari- 
son to placebo, 2 years of ibandronate increase 
cortical vBMD and cortical thickness at the distal 
tibia but not at the distal radius. However, Seeman 
et al. reported that 2 years of alendronate increase 
cortical thickness without an increase in cortical 
vBMD at both the distal tibia and the distal radius 
[51]. Treatment with zoledronic acid for 18 
months increased cortical vBMD and cortical 
thickness but had no effect on cortical porosity at 
the distal tibia, as assessed using the standard 
Scanco algorithm [53]. Similar to other studies, 
at the distal radius, zoledronic acid had no effect 
on cortical vBMD, thickness, or porosity [53]. 

Using the “segmentation-free” approach to 
assess cortical porosity, Zebaze et al. reported 
that alendronate treatment reduces porosity in the 
inner cortical transitional zone at 1 year relative 
to baseline but not relative to controls [46]. Bala 
et al. assessed the effect of 1 year of risedronate 
treatment in women younger and older than age 
55. Risedronate increased cortical vBMD at the 
distal tibia in women older than 55, but not in the 
younger cohort. Change in cortical thickness was 
not reported, however, using the “segmentation- 
free” approach, risedronate treatment prevented 
the increase in cortical porosity seen in the pla- 
cebo group in the compact-appearing cortex at 
the distal radius in postmenopausal women under 
age 55 [47]. 

Like bisphosphonate treatment, denosumab 
and odanacatib have a similar overall positive 
effect on cortical microarchitecture. In the 
placebo-controlled study by Seeman et al., 2 
years of denosumab increased cortical thickness 
and cortical vBMD at the distal tibia and distal 
radius as assessed by HR-pQCT [51]. In this 
same cohort, using the non-thresholding method 


to assess cortical porosity, 12 months of deno- 
sumab treatment reduced radial cortical porosity 
more than alendronate [46]. Using a different 
technique of QCT-based cortical thickness map- 
ping, 3 years of denosumab increased femoral 
cortical thickness, relative to placebo [60]. Lastly, 
Cheung et al. reported that 2 years of odanacatib 
increase cortical thickness at both the distal 
radius and distal tibia, with increases in cortical 
vBMD seen only at the distal radius [52]. 

Effect of Combined Anabolic 
and Antiresorptive Therapy 
on Microarchitecture 

Most recently, data from the first HR-pQCT lon- 
gitudinal trials with combination therapy of ana- 
bolic and antiresorptive agents were published. 
In the PTH and Ibandronate Combination Study 
(PICS) by Schafer et al., postmenopausal women 
with low bone mass were treated with 6 months 
of PTH(l-84), either as one 6- or two 3 -month 
courses, in combination with ibandronate over 2 
years [61]. As results were similar between the 
two treatment groups, data from the two treat- 
ment arms were pooled together for analyses. 
Schafer et al. reported an increase in trabecular 
vBMD at both the distal radius and distal tibia, 
but a decrease in cortical thickness and cortical 
vBMD at the distal radius, though not at the distal 
tibia. Furthermore, cortical porosity increased at 
the distal tibia but not the distal radius. 

In the Denosumab and Teriparatide 
Administration (DATA) study, postmenopausal 
women with osteoporosis were treated with 1 
year of denosumab, PTH(l-34), or both [54]. The 
DATA study demonstrated that 1 year of com- 
bined denosumab and teriparatide improves dis- 
tal tibia and radius cortical microarchitecture 
more than either treatment alone (Fig. 10.1). For 
example, cortical thickness at the distal tibia did 
not change in the teriparatide monotherapy 
group, but increased in both other groups. 
The increase in cortical thickness at the distal 
tibia was greater in the combination group 
(5.4 ±3.9 %) than both monotherapy groups 
(teriparatide, -0.6±4.7 %; denosumab, 3.7 ± 3.3 %). 
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Fig. 10.1 Mean percent change (SEM) from baseline at 
distal tibia (left) and distal radius (right) in cortical thick- 
ness and cortical porosity at 12 months. *p value <0.05 
versus baseline, bars represent p value <0.05 between 
groups. From Tsai JN, et al. Comparative Effects of 
Teriparatide, Denosumab, and Combination Therapy on 


Peripheral Compartmental Bone Density, 
Microarchitecture, and Estimated Strength: the DATA- 
HRpQCT Study. Journal of bone and mineral research : 
the official journal of the American Society for Bone and 
Mineral Research 2014;Epub 2014 Jul 7. Reprinted with 
permission from John Wiley and Sons 


Additionally, cortical porosity did not change 
with combination therapy at either the distal tibia 
or distal radius. Consistent with Seeman et al. 
[51], the denosumab monotherapy group showed 
an increase in cortical thickness and cortical 
vBMD at both the distal tibia and distal radius in 
the DATA study. 


Summary 

Trabecular and cortical microarchitecture param- 
eters are generally preserved or improved with 
antiresorptive therapy as evaluated by bone histo- 
morphometry and ex vivo micro-CT of iliac crest 
biopsies and noninvasive methods with high- 
resolution imaging. Of note, a numerically 


greater effect and more consistent effect of anti- 
resorptive therapy on microarchitecture as 
assessed by HR-pQCT are generally observed at 
the distal tibia in comparison to the distal radius. 
Beneficial effects that occur with weight bearing 
may, in part, explain this difference between skel- 
etal sites, though differences in measurement 
precision between the two sites may also contrib- 
ute to the reported differences. 

There are several issues to consider when 
interpreting these findings. In particular, the 
cross-sectional design of several trials with bone 
histomorphometry severely limits interpretation 
of the effect of treatments on bone microarchitec- 
ture. Nonetheless, findings with histomorphome- 
try were generally concordant with effects 
observed with longitudinal HR-pQCT trials. 
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Also, as previously discussed, detecting trabecu- 
lar microarchitecture changes as assessed by 
HR-pQCT is limited by the image resolution 
available with current in vivo imaging methods. 
New imaging approaches with better resolution 
may be needed to determine whether trabecular 
microarchitecture changes following antiresorp- 
tive therapy. Lastly, motion artifact is a signifi- 
cant limitation of HR-pQCT, particularly at the 
distal radius. Thus, lack of significant changes 
detected at the distal radius may be reflective of 
this motion artifact limitation rather than a true 
lack of change in response to therapy. 

Overall, the changes in trabecular and cortical 
microarchitecture parameters in response to the 
various antiresorptive treatments are favorable. 
In addition to demonstrating the differential 
effect of treatment on trabecular and cortical 
bone, these observed changes in microarchitec- 
ture in response to antiresorptive treatment may 
explain the anti-fracture benefit not captured by 
information obtained from standard DXA. 
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Summary 

• Atypical fractures account for a very small 
percentage of hip and femur fractures. 

• Bilateral radiographic findings are encoun- 
tered 20-40 % of the time, so very important 
to assess both sides. 

• Atypical fractures are typically seen in women 
with history of at least 8 years of bisphospho- 
nate use. 

• History of prior antiresorptive therapy is the 
most important factor, as the half-life can be 
up to 10 years. 
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• Key imaging findings include cortical thicken- 
ing, marrow edema, or beaking of the cortex. 

• Metabolic bone laboratory work-up should be 
done on all patients; vitamin D and calcium 
supplemented if low, and bone turnover state 
assessed with NTX. 

• There is some evidence to suggest that ana- 
bolic agents such as teriparatide may be useful 
in the treatment of incomplete fractures. 

• For complete deformities, careful examination 
of anatomy and varus deformity of the femur 
is crucial to successful reduction and surgical 
repair. 

• Nonunion is a common complication and 
may warrant revision surgery or further 
augmentation. 

• Incomplete fractures typically present with 
several months of prodromal pain, but approx- 
imately 2 % may be asymptomatic. 

• Incomplete fractures with marrow edema on 
MRI and identifiable fracture line should be 
treated with surgical fixation with intramedul- 
lary nailing for stabilization. 

• Patients with fracture line but no marrow 
edema may be treated conservatively. 

Atypical femoral fractures are relatively 
uncommon; however, in the setting of a geriatric 
fracture service, these fractures are encountered 
regularly. Subtrochanteric and diaphyseal frac- 
tures account for approximately 5-10 % of all 
hip/femur fractures. Of these, only about 17-29 % 
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are classified as atypical [1]. In addition, the high 
association of bilateral radiographic findings in 
the order of 20-40 % depending on the series 
suggests that silent incomplete fractures will also 
be encountered during thorough evaluation [1,2]. 

Other chapters of this monograph have clearly 
stated the demographics, the purported etiology, 
and diagnostic hallmarks. The purpose of this 
chapter is to address the evaluation and both the 
medical and orthopedic management of complete 
and incomplete atypical femoral fractures. 

The organization for this section is divided 
into recognition and work-up followed by the 
treatment of complete fractures and finally the 
discussion of the more controversial topic incom- 
plete fractures. 


Recognition and Work-Up 

The recognition of atypical fractures is critical for 
prompt management. With that consideration, the 
American Society for Bone and Mineral Research 
(ASBMR) assembled a task force consisting of 
multidisciplinary experts to review the pathogen- 
esis, presenting symptomology, and early diag- 
nostic work-up of these fractures [ 1 ] . Additionally, 
clinical studies have evaluated various risk fac- 
tors and the laboratory data to aid in the diagnosis 
[3]. In these reports, atypical fractures were more 
commonly seen in women who are younger than 
those presenting with typical femoral fractures 
[1, 3]. The women who suffer atypical femur 
fractures also have a tendency to relatively 
healthy with active lifestyles and a history of 8 
years of bisphosphonate use on average [4]. 

Up to 70 % of patients will present with a pro- 
dromal period which can last several weeks and 
even up to a year of thigh pain [1]. It may not be 
constant, but it is often aggravated by increased 
activity. The vagueness of the actual pain can be 
confusing to the physician and is often thought to 
be related to sciatica, bursitis, or hip arthritis. 
X-rays of the spine as well as detailed imaging 
including MRI will often show degenerative 
arthritis or old residual herniated disks, spinal 
stenosis, facet arthropathy, or possibly impinge- 
ment of an exiting nerve root. This often will 


mislead the physician into suspecting that this is 
in fact related to radiculopathy and often these 
patients are treated with epidural or other steroid 
injections, which can worsen their underlying 
osteoporosis [5]. Secondly, the diagnosis can 
often be confusing to the patient and physician, 
as radiographs to evaluate hip arthritis are typi- 
cally narrow field and do not capture sufficient 
length of the femur to elucidate the underlying 
fracture. These patients will often be started in a 
physical therapy program directed at arthritis and 
may miss the opportunity for recognition of these 
fractures. There is some suggestion that nonste- 
roidals commonly used for symptomatic relief in 
arthritis negatively impact fracture healing. When 
the fracture occurs, it is most often a low-energy 
event. The patient may report a low-energy small 
fall from a low height, though a number of these 
fractures have occurred spontaneously with just 
twisting motions or changing positions and are 
followed by the patient falling. During subse- 
quent evaluation, when one couples the trans- 
verse nature of the fracture line with the level of 
energy, the physician should immediately recog- 
nize that this is a pathological fracture and 
requires a more detailed history and evaluation. 

The critical elements for the history would 
involve recognition that the patient may have had 
osteoporosis or osteopenia that has been treated 
with antiresorptive therapy in the past. Additional 
contributing drugs include corticosteroids, long- 
term nonsteroidals, and proton-pump inhibitors, 
among others that will be discussed in greater 
detail in latter chapters. 

The most important is the history of prior anti- 
resorptive therapy, since these medications can 
persist for many years and some having a half- 
life as long as 10 years [6, 7]. The patient may 
have stopped the drug a year or two prior to the 
fracture, and she and her physician may not rec- 
ognize the association. Careful detailed questions 
pointing to both the use of antiresorptive agents 
and the use of steroids and other underlying med- 
ical issues that can enhance this process should 
be carefully performed. 

Laboratory tests for patients with these frac- 
tures should be directed to preparing the patient 
for surgery, and this would include a complete 
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chemical profile, CBC, PT, APTT, and coagula- 
tion profile, and then some specific assays should 
include 25-hydroxy vitamin D, intact PTH, and 
bone markers (urine NTX or serum CTX). Once 
the surgery has been accomplished, these assays 
are often diluted due to administration of IV flu- 
ids and can be difficult to interpret. Since almost 
a third of the patients had a prodromal event or 
partial fracture predating the actual fracture, the 
bone markers are often elevated. However, if the 
patient has a very low CTX and NTX despite the 
fracture, that would be supportive of a low bone 
turnover state. 

The ASBMR task force released a second 
report addressing additional diagnostic features 
with detailed descriptions of radiographic find- 
ings [26]. They recommend imaging to include at 
least classical AP and lateral radiographs of the 
femur as well as the contralateral femur, since at 
least 28 % of patients have been found to have 
contralateral radiographic findings [1, 26]. 

Radiographs should span from the hip to the 
knee. If there is significant deformity of the femur 
due to the fracture, mild traction may be benefi- 
cial, also allowing the physician to better exam- 
ine the nature of the fracture line. It is often quite 
obvious that it should meet the criteria for the 
second ASBMR task force on atypical femoral 
fractures [1]. X-ray of the contralateral leg may 
not be as diagnostic. Some patients may have had 
a prior fracture that has completely healed and is 
currently inactive. Any prominence of the femur 
or cortical thickening should be followed up with 
further imaging including an MRI with STIR 
sequence to determine the acuity of the fracture. 
Marrow edema would suggest that this is an 
ongoing fracture, while the absence of marrow 
edema and pain would suggest that this may be 
inactive or partially healed fracture. In reviewing 
incomplete fractures, a CT scan is often success- 
ful in identifying a clear fracture line that has 
prognostication as to increased risk of fracture 
and inability to fully heal spontaneously. Finally, 
a bone density should have been obtained at some 
time prior to the fracture or in the early periop- 
erative phase to determine the direction of further 
therapy. Many of these patients with atypical 
fractures will in fact have osteopenia, or it may 


have been corrected to a normal bone mass from 
prolonged bisphosphonate therapy. This docu- 
mentation should be carried out as part of the pre- 
operative evaluation as well as review of other 
fragility fracture history. Further X-rays of these 
sites may be necessary to define the nature of the 
osteoporosis. 

The medical management of patients with 
atypical femoral fractures has not been formal- 
ized. Clearly, calcium and the vitamin D intake 
should be addressed at the very least. Since frac- 
ture healing is going to be a significant consider- 
ation, it is important to bring the calcium to a 
normal level, which is somewhere in the order of 
the 9.5 mg/dl with a target parathyroid hormone 
(PTH) level between 20 and 50 pg/ml. High PTHs 
would be suggestive of secondary hyperparathy- 
roidism and indicate that calcium intake may be 
limited. On the other hand, a very low PTH might 
suggest that the patient has been oversupple- 
mented with calcium. There is concern over too 
much calcium intake, particularly if there is his- 
tory of cardiovascular disease [8]. In terms of vita- 
min D, the Institute of Medicine has recommended 
levels of at least 20 ng/ml to be adequate [9]; how- 
ever, most other organizations have supported val- 
ues of at least 32 ng/ml [10, 11]. While fracture 
healing can occur at 30 ng/ml, higher doses of 
vitamin D may be helpful for the muscular ele- 
ments [10]. A number of studies have suggested 
that the higher levels of vitamin D may be trans- 
lated into better function with less falls [12, 13], 
so vitamin D somewhere in the order of 40 ng/ml 
may be more optimal. To achieve this dose 
patients may either receive 50,000 units of vita- 
min D twice a week, then lowered when corrected, 
or start with 6000 IU of vitamin D3 daily and 
adjusted when vitamin D has achieved the desired 
level. This often will only take 2-3 weeks at most. 

Many questions regarding osteoporotic man- 
agement have yet to be resolved. Richard Dell, 
MD of Kaiser Permanente, presented unpub- 
lished data at the 2012 Orthopedic Research 
Society meeting showing that persistence of 
bisphosphonate use has led to high level of 
contralateral fractures and that this incidence 
can be reduced by over 50 % by discontinuing 
the bisphosphonate. Controversy remains as to 
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whether or not an anabolic agent would be indi- 
cated in treatment of these fractures. There have 
been several studies on fracture healing and in 
spine fusion using PTH analogs. The study by 
Aspenberg’s group suggests that in Colles ’ frac- 
tures, the osteoporotic dose of 20 pg per day led 
to about a 1-2- week earlier healing but that dou- 
bling the dose to 40 pg was actually no more 
effective [14]. In Europe, Peischl’s group 
addressed pelvic fractures using repetitive CT 
scan as their markers of success, and by adding 
PTH 1-84 and 100 pg -1 per day, they were able to 
demonstrate improvement in healing rates at 2 
months from approximately 10 % with calcium 
and vitamin D alone to 100 % by adding the PTH 
[15]. This was a semi-randomized controlled 
study but it had great impact. Further information 
suggests that the anabolic agents may be benefi- 
cial in the spine fusion realm. Ohtori demon- 
strated that PTH 1-34 given to spine fusion 
patients led to a higher fusion rate and less instru- 
mentation pull out compared to the non-treated 
group [16]. In addition, that study compared the 
use of anabolic agents to bisphosphonates, and 
the risedronate appears to be comparable to the 
control population and did not lead to inhibition. 
The general evolution today is leading toward (1) 
stopping the bisphosphonates and (2) to seriously 
consider an anabolic agent to augment healing of 
these atypical fractures. The data still remains to 
be resolved at this time. 


Complete Atypical Femoral 
Fractures 

Atypical femoral fractures typically occur in the 
subtrochanteric or diaphyseal area of the femur 
with a transverse or short oblique fracture line; 
other features of the fracture include a lack of 
comminution and thickening of the cortices at the 
fracture site [17]. These patients have clinical and 
radiographic evidence of preexisting stress frac- 
tures. Most report about 6 months of prodromal 
pain prior to the fracture event [18]. Strict adher- 
ence to surgical principles is critical in this patient 
population as the fracture healing is slower in the 


setting of bisphosphonates. Complications such 
as delayed union, nonunion, and implant failure 
are much higher in atypical femur fractures, with 
up to 46 % of patients requiring revision surgery 
[18-20] (Fig. 11.1). 

Complete fractures are treated most com- 
monly with intramedullary devices; more proxi- 
mal fractures that are difficult to control with 
nails are considered for plating [20]. When 
selecting intramedullary fixation, surgeons must 
be very careful with the choice of device as frac- 
ture union is not as reliable as in the patient with- 
out bisphosphonate exposure. Problems with 
outcomes from atypical fracture nailing can be 
attributed in part to start point selection, nail 
design, and shaft/nail mismatch. 



Fig. 11.1 Atypical femur fracture treated with intramed- 
ullary nail showing sclerotic margins consistent with 
nonunion 
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The insertion point of the nail can be the piri- 
formis fossa or the greater trochanter, and the 
design of the nail may or may not allow for fixa- 
tion into the neck. Extension of fixation into the 
neck (cephalomedullary nailing) theoretically 
extends the length of bone protected by the 
device and alleviates the concern of initiating a 
secondary femoral neck or basal fracture (as with 
a piriformis entry nail). The difficulty with ceph- 
alomedullary devices, however, is that the 
patients have a thickened proximal cortex and a 
narrowed canal. The large size of the proximal 
part of the nail encounters the thickened cortex 
on insertion and may force a proximal fracture 
into a varus deformity. If left malreduced, healing 
time and outcome results suffer significantly in 
this patient population [18]. In addition to varus 
deformity, iatrogenic fracture of the proximal 
femur on nail insertion is more common in 
patients with atypical fractures [20]. If selecting a 
greater trochanteric start point, surgeons should 
stay medial on the trochanter with the guidewire 
to decrease the chances of this complication, as 
well as help prevent a varus malreduction. High 
subtrochanteric fractures may require piriformis 
nails to avoid the varus driving force that is pres- 
ent in greater trochanteric entry cephalomedul- 
lary devices; plate and screw constructs are also a 
viable option in these difficult patterns. 

Once start point and device have been care- 
fully selected, obtaining and maintaining an ana- 
tomic reduction are paramount to the success of 
treatment in atypical femur fractures [18]. If any 
evidence of malreduction exists after closed 
reduction attempts, surgeons should be prepared 
to perform an open reduction, whether on a frac- 
ture table or a flat radiolucent table. Reductions 
should be maintained after passing the guidewire; 
this leads to symmetrical reaming of the proximal 
and distal segments of the fracture. Reaming with 
a malreduction in place reinforces the poor align- 
ment and may prevent future attempts to restore 
anatomy. As reaming progresses, over-reaming 
the canal beyond the typical 1.5 mm may be nec- 
essary to have ample room for the proximal com- 
ponent of the nail. Over-reaming also helps if 
there is bowing of the femur. Matching the femur 


to the curve of the nail is critical to prevent ante- 
rior perforation of the shaft on nail insertion. 
Femoral bowing is related to age and ethnicity; 
Asian populations in particular have been found 
to have shorter radii of curvature [21, 22]. 

The postoperative course with intramedullary 
devices should allow the patient to bear weight as 
soon as comfortable. Calcium, vitamin D, and 
perhaps anabolic agent should be started. There 
is evidence in the literature that administration of 
a bone-forming agent such as teriparatide in the 
postoperative course leads to faster union times 
[14, 15, 23]. Bisphosphonate drugs should be 
stopped. The opposite femur should be continu- 
ously monitored secondary to the increasing 
weight requirements in the setting of a healing 
contralateral limb. Atypical fractures have 
occurred even when the original screening X-rays 
were negative at the time of the contralateral 
fracture. 

If there is a delay in healing, further augmen- 
tation or revision surgery may be warranted. The 
Hernigou technique, which applies mesenchy- 
mal stem cells possibly coupled with an anabolic 
agent, or a formal bone grafting procedure can 
be tried in the setting of delayed union [24]. 
There is no evidence to suggest that BMP will 
augment delayed union in this group of patients. 
If the patient shows no progressive bone forma- 
tion over a 3 -month period, they are diagnosed 
with nonunion. Usually, the nonunion appears 
atrophic without appreciable callous formation, 
likely secondary to the metabolic derangements 
in the setting of bisphosphonates. Infection 
should always be considered, and cultures 
should always be taken at the time of revision. 
Options for treatment include exchange nailing 
of the femur or conversion to a plate and screw 
construct (Fig. 11.2). In either setting, the ability 
of the body to produce bone, not just the hard- 
ware, needs revision and augmentation. Focally, 
bone grafting should be used to enhance the 
regional environment; systemically, ensuring 
proper calcium and vitamin D levels along 
with consideration for anabolic pharmacologic 
therapy optimizes the systemic bone-forming 
capability of the patient. 
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Fig. 11.2 The patient has undergone revision surgery for 
prior nonunion with blade plate and screws. Also treated 
with Forteo postoperatively with evidence of periosteal 
bridging and callous formation 

From a surgical standpoint, both exchange 
nailing and conversion to a plate and screw con- 
struct have pitfalls. Exchange nailing should only 
be considered in the setting of anatomic alignment 
in the diaphysis. Varus deformity, even if subtle, 
lengthens the healing time and is a risk factor for 
nonunion [18]. Correcting a varus nonunion 
deformity of the proximal femur after a cephalo- 
medullary nailing procedure with an exchange 
nailing is dangerous because the varus positioning 
often persists; the new nail falls into the same 
reamed track as the first device. In the setting of a 
varus deformity, blade plating with correction of 
deformity and compression across the fracture is a 
better option. Bone grafting and systemic anabolic 
medication should be employed as discussed 


above. Compression is usually gained through an 
articulated tensioning device, as the fracture often 
has a near transverse plane. The downside of plat- 
ing is the lengthy period of weight-bearing restric- 
tion that follows; 3 months of non- weight bearing 
is advised with plates secondary to lengthy 
expected union times. Because of this delay, a sec- 
ond plate orthogonal to the first may be added to 
give additional fixation and torque control to the 
construct. There is no data as to whether further 
augmentation with allograft struts would be ben- 
eficial at this period of time. 


Incomplete Fractures 

Patients with an incomplete atypical femoral 
fracture commonly present with several months 
of prodromal thigh pain similar to an initial atypi- 
cal fracture. Prompt diagnosis and management 
of an incomplete fracture are critical to prevent 
progression to a complete fracture. However, 
because approximately 2 % of asymptomatic 
patients on greater than 3 years of bisphospho- 
nate treatment may have incomplete atypical 
femoral fractures, careful radiographic screening 
must be performed in patients with histories of 
long-term bisphosphonate use [25]. 

Clinical imaging provides diagnostic informa- 
tion that is essential in planning a treatment strat- 
egy. On plain radiographs, the lateral femoral 
cortex characteristically shows focal thickening 
as a consequence of the underlying stress reac- 
tion (Fig. 11.3). Additionally, a transverse radio- 
lucent line may or may not be present [26]. The 
presence of this finding, known as the “dreaded 
black line,” portends a poor prognosis for sponta- 
neous healing and suggests the impending pro- 
gression to complete fracture. MRI and CT can 
also be used both as a confirmatory test and to 
detect fracture line, bone marrow, and periosteal 
edema indicative of an active stress reaction 
(Fig. 11.4) [26]. Collectively, these radiographic 
findings can guide whether to manage conserva- 
tively or to surgically intervene. 

Symptomatic patients presenting with pain, a 
transverse radiolucent line on plain film, and bone 
marrow edema on MRI are unlikely to improve 
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Fig. 11.3 X-ray of the left femur showing thickening of 
cortex indicative of bisphosphonate-related incomplete 
fracture 


with conservative medical therapy. When man- 
aged conservatively, these patients are likely to 
have persistent pain, poor radiographic evidence 
of healing, and a high probability of fracture com- 
pletion within one year. One level III study 
focused solely on patients with incomplete atypi- 
cal femoral fractures and saw improved clinical 
outcomes with prophylactic surgery compared to 
medical management [27]. Surgical fixation via 
intramedullary nailing is the recommended treat- 
ment due to the high rate of union and rare pro- 
gression to complete fracture [27-30]. 

Certain considerations must be addressed 
regarding surgical technique. Because the frac- 
ture is incomplete, it is critical that the nail entry 
port be on the medial aspect of the trochanter. 
Furthermore, due to the difficulty in aligning the 
nail with the anatomic bow of the femur, the 
medullary canal must be over-reamed to limit 
nail deformity upon insertion. Over-reaming 


also helps to decrease the risk of intraoperative 
comminuted fracture during nail placement, 
which is the most common complication of this 
procedure. Postoperatively, the medical manage- 
ment of these patients is identical to that of com- 
plete atypical femoral fractures. 

There is no consensus treatment strategy for 
symptomatic patients without a fracture line who 
have bone marrow edema on MRI. Conservative 
medical management may be effective but is 
highly controversial due to insufficient evidence 
and the concern for fracture completion [27, 30, 
31]. Nonsurgical treatment consists of immediate 
cessation of the bisphosphonate, calcium, and 
vitamin D supplementation to correct any abnor- 
malities and non- weight-bearing restriction. 
There are conflicting reports regarding the use of 
an anabolic agent such as teriparatide, which may 
facilitate healing and improve bone quality [32, 
33]. Studies supporting the use of teriparatide saw 
increased bone activity in fragility fractures of the 
distal radius and tibia compared to conservative 
or surgical management, which indicates a poten- 
tial pharmacologic intervention to treat these frac- 
tures [33]. Patients managed conservatively must 
be closely monitored because of the risk for frac- 
ture progression. An MRI should be repeated 
after 2-3 months to assess for diminution of mar- 
row edema. If no improvement is seen on imaging 
or there is persistent pain, prophylactic intramed- 
ullary nailing should be considered. However, 
conservative therapy should be continued if there 
is an interval decrease in bone marrow edema and 
pain reduction. Full weight bearing can be 
resumed upon complete resolution of marrow 
edema and pain improvement to less than two out 
of ten on the visual analog scale. When managed 
conservatively, incomplete fractures can take up 
to 1-2 years to fully heal. Patients who are unwill- 
ing to endure a prolonged period of limited activ- 
ity, reduced weight bearing, and medical therapy 
should be considered for intramedullary fixation. 

Asymptomatic patients with the “dreaded black 
line” on plain film but without marrow edema on 
MRI can be managed nonoperatively. They should 
be placed on a regimen of anabolic agents for at 
least 1 year and advised initially to limit physical 
activity. After 3 months of treatment, they can 
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Fig. 1 1 .4 Impending 
atypical femur fracture 
demonstrating bone 
marrow edema pattern 
on fat suppressed MRI 



gradually increase their activity level and may 
resume sporting activities after 6 months. 

Lastly, asymptomatic patients without a trans- 
verse radiolucency or marrow edema and patients 
with healed fractures should be placed on a drug 
holiday. The use of an anabolic agent should be 
discussed and normal physical activities can be 
permitted. However, high-contact activities should 
be avoided for the duration of any treatment. 

The ultimate goal in managing incomplete 
atypical femoral fractures is preventing the pro- 
gression to complete fractures. The clinical 
implications are tremendous, as the surgical 
treatment of incomplete fractures is less compli- 
cated than with complete lesions and has been 
associated with higher success rates, shorter hos- 
pital stays, and more rapid recovery compared to 
complete atypical femoral fractures [34]. The 
evidence discussed here suggests that clinical 
suspicion must be high and the physician provid- 
ing care for patients on bisphosphonate treatment 
should consider these lesions even in asymptom- 
atic patients. 
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Summary 

• Osteonecrosis of the jaw (ONJ) is a serious 
adverse effect associated with a specific sub- 
set of antiresorptive therapy (ART) and is 
referred to as “antiresorptive osteonecrosis of 
the jaw” or ARONJ. 

• There are two distinct clinical types of ARONJ 
(cases associated with oncologic therapy and 
cases associated with rheumatologic therapy) 
that differ in prevalence, severity, and predic- 
tion of risk. 

• A confirmed case of ARONJ is defined as the 
persistence of exposed necrotic jawbone in 
the oral cavity for 8 weeks, despite adequate 
treatment, in a patient with current or previous 
history of ART and without local evidence of 
malignancy or prior radiotherapy to the 
affected region. 
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• Staging systems for ARONJ form the basis for 
diagnosis and help direct appropriate treat- 
ment for each stage. 

• The pathogenesis of ARONJ is multifactorial 
and may involve drug-related effects on bone 
remodeling, angiogenesis, matrix necrosis, 
tissue toxicity, host immune responses, and 
infection. 

• Several risk factors have been identified for 
ARONJ, and recent development of risk 
assessment tools using pharmacometric ana- 
lytical methods will provide practitioners a 
quantitative approach for determining drug 
accumulation in bone to levels associated with 
ARONJ induction. 

• Patients with ARONJ can be asymptomatic in 
early stage disease or may present with a wide 
variety of signs and symptoms clinically. 

• Histopathologic examination of ARONJ 
lesions reveals non-vital bone in association 
with bacterial colonization and inflammation. 

• Radiologic examination is essential for accu- 
rate diagnosis and staging of ARONJ. 

• The differential diagnosis for ARONJ can be 
broad, so definitive diagnosis requires careful 
correlation of medical and dental history, 
medication history, risk factors, presenting 
signs and symptoms, examination, radiologic 
findings, and histopathologic findings when 
available. 
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Introduction 

Soon after the turn of the twenty-first century, den- 
tal surgeons began to observe cancer patients pre- 
senting with a persistent pattern of nonhealing 
exposed alveolar bone in the oral cavity. This clin- 
ical presentation was initially called “avascular 
necrosis.” It was discovered that the only common 
etiology shared by all patients with this condition 
was bisphosphonate (BP) use regardless of medi- 
cal history, comorbidities, dental procedures, or 
other potential confounders and risk factors. This 
ostensible problem with BP drugs, more specifi- 
cally those with a nitrogenous side chain (nitro- 
gen-containing or “n-BP”), would soon be referred 
to as “osteonecrosis of the jaw” or “ONJ,” which 
simply means “jawbone death” without specifying 
underlying causation or risk association. In 
September of 2004, Novartis gave notice to the 
medical community, in a broadly distributed writ- 
ten letter, that package inserts for Zometa™ (zole- 
dronate) and Aredia™ (pamidronate) would be 
updated to contain a precaution regarding the 
occurrence of ONJ in cancer patients who have 
undergone invasive dental procedures. 

At present, the majority of reported ONJ cases 
are observed in patients who have received intra- 
venously administered n-BP or antiresorptive 
(ART) therapy for skeletal malignancies [1, 2]. 
Oncology patients may be more vulnerable due 
to compromised health status, jaw metastases, 
and the immunosuppressive effects of antineo- 
plastics and corticosteroids. However, ONJ is 
also seen to occur in rheumatologic patients who 
have received only oral administration or low- 
dose intravenous infusion of n-BP or subcutane- 
ous injection of denosumab (Dmab) as ART for 
osteoporosis [3, 4]. Accordingly, there are two 
distinct clinical types of ONJ — cases associated 
with oncologic ART and cases associated with 
rheumatologic ART [5]; these differ in preva- 
lence, severity, and prediction of risk. 

ONJ cases associated with oncologic ART can 
quickly progress to advanced stages and are often 
unresponsive to conservative therapy or drug dis- 
continuation. Cases associated with rheumato- 
logic dosing of ART are less aggressive and 
generally respond to non- surgical or conservative 
surgical therapy. Large epidemiologic studies 


conflict regarding whether oral ART therapy is 
associated with ONJ risk [6, 7]. Generally, stud- 
ies which review medical records for ONJ case 
adjudication reveal little or no risk associated 
with oral ART, while studies that review dental 
records reveal a significant risk [6, 7]. 

Epidemiologic studies may underestimate the 
risk of ONJ because most cases are associated 
with dental surgery, wherein it was first observed. 
Therefore, the more accurate population to study 
is dental patients who have a history of dentoal- 
veolar surgery or oral trauma. This will allow for 
more accurate generalizability of epidemiologic 
findings to the population at risk. 

It is important to note that in general, ONJ is 
unique as compared to osteonecrosis at other skel- 
etal sites with respect to epidemiology, etiopatho- 
genesis, risk factors, clinical features, diagnosis, 
and treatment. For example, osteonecrosis of 
diaphyseal or endochondral long bones (e.g., 
femur and tibia) primarily affects men (with a 
notable exception of cases related to systemic 
lupus erythematosus, which have a female pre- 
dominance), usually occurs in the third to fifth 
decades of life, and is related to known risk factors 
such as corticosteroid or alcohol use in nontrau- 
matic cases [8]. Conversely, osteonecrosis of the 
membranous or flat craniofacial bones (e.g., max- 
illa and mandible) affects both men and women 
(but predominantly women in the osteoporosis 
ART setting), usually occurs in the fifth decade of 
life or higher, and is associated with dental risk 
factors and oral trauma in most cases [9, 10]. 

Clinically, many factors or conditions can 
culminate in ONJ, including head and neck radi- 
ation (osteoradionecrosis), jawbone infection 
(osteomyelitis), dentoalveolar surgery, exposure 
to certain drugs (e.g., antiangiogenics, n-BP, 
Dmab) or chemicals (e.g., white phosphorous 
occupationally, recreational cocaine), and vari- 
ous bone-related pathoses. Additionally, some 
cases of ONJ are spontaneous or idiopathic, 
with no known etiology or risk factors. Given 
the wide range of differential diagnosis for ONJ 
and the varying international classification of 
disease (ICD) codes that have been used for 
case diagnosis and charting historically, the 
term ONJ has become controversial and some- 
what ambiguous. This has made clinical diagno- 
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sis challenging in some cases, created confusion 
in the literature, and made case adjudication in 
epidemiologic studies and medicolegal settings 
challenging. For example, cases of ONJ have been 
referred to as ARONJ (antiresorptive osteonecro- 
sis of the jaw), BRONJ (bisphosphonate-related 
osteonecrosis of the jaw), BIONJ (bisphospho- 
nate-induced osteonecrosis of the jaw), BAONJ 
(bisphosphonate-associated osteonecrosis of the 
jaw), BONJ (bisphosphonate osteonecrosis of the 
jaw), DIONJ (drug-induced osteonecrosis of the 
jaw), and DAONJ (drug-associated osteonecrosis 
of the jaw), and most recently MRONJ (medication- 
related osteonecrosis of the jaw) to name a few. To 
avoid nosological debates and to simply discuss 
ONJ in the context of this specific monograph, we 
herein use the acronym ARONJ to refer to ONJ 
observed in the setting of ART. 


Definition 

Several definitions and staging systems have 
been proposed for ARONJ. Notably, as proposed 
by the Advisory Task Forces from both the 
American Association of Oral and Maxillofacial 
Surgeons (AAOMS) and the American Society 
for Bone and Mineral Research (ASBMR), a 
confirmed case of ARONJ is defined as the per- 
sistence of exposed necrotic jawbone in the oral 
cavity for 8 weeks, despite adequate treatment, in 
a patient with current or previous history of ART 
and without local evidence of malignancy or 
prior radiotherapy to the affected region [11, 12]. 
A suspected case of ARONJ is defined as an area 
of exposed jawbone for less than 8 weeks in a 
patient with a history of ART and no radiotherapy 
to the head and neck. However, it is estimated 
that up to 30 % of ARONJ cases may initially 
present without clinical evidence of exposed jaw- 
bone or characteristic signs and symptoms [13]. 
Therefore, most working definitions of ARONJ 
have inherent limitations, particularly the require- 
ment for exposed jawbone of 8 weeks duration 
given the existence of nonexposed (NE) variants 
of ARONJ. The absence of characteristic clinical 
signs and symptoms of ARONJ in NE cases can 
lead to late diagnosis, prolonged disease course, 
and refractory treatment. Some of these NE cases 


of ARONJ represent advanced stages of the dis- 
ease process, but without mucosal breakdown 
and exposed bone on clinical presentation. These 
cases are usually classified as early stage (stage 
0) disease in accordance with the current AAOMS 
diagnostic and staging criteria and are quite often 
underdiagnosed and thus undertreated [14]. 
Therefore, in NE cases of ARONJ, formulating 
an accurate diagnosis and initiating a proper 
treatment protocol can be challenging. This is in 
contrast to ARONJ cases with exposed bone, 
which can be more readily diagnosed given the 
overt osseous exposure and characteristic signs 
or symptoms along with aforementioned case- 
defining criteria. 


Staging 

Several staging systems have been proposed for 
ARONJ. A feature common to all is the progres- 
sive severity of disease and increase in associated 
signs and symptoms with advancing stage. For 
example, the Marx system is predicated on the 
number of affected jawbone quadrants and spe- 
cific clinical features; the more jawbone quad- 
rants involved, the more severe the disease and 
the higher the stage [15]. The staging system 
used most commonly in the clinical setting and in 
the literature is the AAOMS system for ARONJ, 
which includes four stages (stages 0, 1,2, and 3) 
for case classification [11] as summarized in 
Table 12.1. 

Stage 0 cases show no clinical evidence of 
exposed necrotic bone, but nonspecific clinical or 
radiographic findings as described in Table 12.1. 
Figure 12.1 shows an example of stage 0 ARONJ 
in a patient taking Dmab for osteoporosis. Stage 
0 cases can be the most challenging to diagnose 
clinically given the nonspecific signs and symp- 
toms and the fact that some cases may represent 
another disease process and not ARONJ. Only 
with hindsight and disease progression, in the 
presence or absence of therapy, could it be 
deemed that indeed a case presumed to be stage 0 
actually represents stage 0 ARONJ. For example, 
one could argue that the patient in Fig. 12.1 has a 
periodontal abscess only and should be treated as 


Table 1 2.1 ARONJ staging system with clinical and radiographic features for each stage 


Stage 

Clinical characteristics 

Radiographic findings 

Stage 0 

No evidence of necrotic bone, but presence of 

nonspecific signs or symptoms 

• Odontalgia not explained by an odontogenic cause 

• Dull, aching bone pain in the body of the mandible, 
which may radiate to the temporomandibular joint 
region 

• Sinus pain, which may be associated with 
inflammation and thickening of the maxillary sinus 
wall 

• Altered neurosensory function 

• Loosening of teeth not explained by chronic 
periodontal disease 

• Periapical/periodontal fistula or sinus tract that is not 
associated with pulp necrosis due to caries 

• Gingival swelling/inflammation with or without 
crevicular exudate (spontaneous or on palpation) 

• Persistence of unremodeled extraction 
socket 

• Prominent osteosclerosis in a jawbone 
region with changes to trabecular pattern 

• Alveolar bone loss or resorption not 
attributable to chronic periodontal disease 

• Thickening/obscuring of the periodontal 
ligament (thickening of the lamina dura 
and decreased size of the periodontal 
ligament space) 

• Inferior alveolar canal narrowing 

Stage 1 

• Exposed and necrotic jawbone evident in the oral 
cavity 

• Asymptomatic 

• No soft tissue infection or purulence 

• Lytic bone lesion 

• With or without evidence of sequestrum 

• No cortical perforation or periosteal bone 
formation 

Stage 2 

• Exposed and necrotic jawbone evident in the oral 
cavity 

• Inflammatory signs and symptoms 

• Infection/purulence 

• Lytic bone lesion 

• Sequestrum centrally 

• Displacement of adjacent anatomic 
structures such as teeth which may have 
thickened lamina dura 

• May have cortical involvement 

Stage 3 

• Exposed and necrotic bone evident in the oral cavity 

• Inflammatory signs and symptoms 

• Infection/purulence 

• One or more of the following: 

- Sequestrum extending beyond the alveolar bone 
area 

- Pathologic fracture 

- Extraoral fistula 

- Oroantral/oronasal communication 

- Osteolysis extending to the inferior border of the 
mandible or the antrum of the sinus or zygoma in 
the maxilla 

• Extensive lytic bone lesion 

• Sequestrum 

• There may be evidence of cortical 
expansion, thinning, erosion and 
perforation, and/or periosteal bone 
formation 

• Displacement of adjacent anatomic 
structures such as teeth, the inferior 
alveolar nerve canal, or the maxillary 
sinus 

• Tooth involvement may appear as 
thickened lamina dura 

• Pathologic fracture may be observed 



Fig. 1 2.1 (a) Seventy-six-year-old Caucasian female on 
Dmab therapy for osteoporosis for 2 years duration, pre- 
senting with loose teeth and swelling of the left mandibu- 
lar anterior gingiva and purulent crevicular exudate from 


the periodontium, but no overt evidence of exposed bone, 
(b) Periapical dental X-ray of the area reveals ill-defined 
lytic change and bone loss around affected teeth with wid- 
ening of the lamina dura space (stage 0 ARONJ) 
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such; subsequently, if there is lesion resolution 
with appropriate treatment for a periodontal 
abscess, it would be impossible to definitively 
diagnose the case as ARONJ unless overt bone 
exposure were to occur at some point in the future 
despite the treatment. This is just one example of 
many with respect to nonspecific presentations of 
ARONJ and the potentially broader differential 
diagnosis as experienced by clinicians in evaluat- 
ing challenging stage 0 cases of disease. 

The clinical features of stage 1 cases include the 
presence of exposed necrotic bone, but no evidence 
of soft tissue infection or purulence. Figure 12.2 
shows an example of stage 1 ARONJ in a patient 
taking oral ibandronate for osteoporosis. Stage 2 is 
characterized by exposed necrotic bone that is 
associated with signs of infection (e.g., pain, ery- 
thema, and/or purulence). Figure 12.3 shows an 
example of stage 2 ARONJ in a patient taking oral 
alendronate for osteoporosis. Stage 3 cases exhibit 
more extensive necrotic bone and infection which 
extend beyond the alveolar region or osteolysis that 
extends to the inferior border of the mandible or the 
sinus floor, amenable to pathologic fracture, extra- 
oral fistula, and oroantral or oronasal communica- 
tion [16]. Figure 12.4 shows a patient with cellulitis 
involving the right mandible and face, from spread 
of ARONJ infection. 

To address NE variants of ARONJ, which can 
resemble advanced stages of disease clinically, 
the AAOMS staging system has been adapted to 
include the addition of NE variants of ARONJ for 


each stage [13]. Aside from forming the basis for 
diagnosis guidelines, staging systems for ARONJ 
direct appropriate treatment for each stage. 
However, there is currently no clear consensus on 
appropriate therapeutics. 


Pathogenesis 

The pathogenesis of ARONJ is multifactorial and 
may be different for n-BP cases as compared to 
Dmab cases; however, similarities or common 
pathways may also exist. Much more investiga- 
tion and literature is available on the pathogene- 
sis of n-BP ARONJ and virtually little to none on 
Dmab ARONJ. Alterations in bone remodeling, 
antiangiogenic effects, matrix necrosis, tissue 
toxicity, immunomodulation, and infection have 
been proposed to play roles in ARONJ pathogen- 
esis. n-BP compounds are known to deposit in 
the bone compartment, where they inhibit osteo- 
clast activation and promote osteoclast apoptosis 
by several mechanisms, including inhibition of 
protein prenylation and blockade of mevalonate 
metabolism [17]. They also have antiangiogenic 
properties [18] and inhibit matrix metalloprotein- 
ases [19] and in vitro proliferation of oral kerati- 
nocytes [20]. The toxic or inhibitory effect on 
oral epithelial growth by n-BP drugs may explain 
the delayed wound healing seen in ARONJ cases. 

Knowledge of the pharmacology (pharmaco- 
kinetics and pharmacodynamics) of n-BP drugs 


Fig. 1 2.2 Seventy-one- 
year-old Caucasian female 
with a 4-year history of 
oral ibandronate use for 
osteoporosis, presenting 
with an asymptomatic area 
of exposed bone and 
associated granulation 
tissue involving the lingual 
surface of the left posterior 
hemimandible (stage 1 
ARONJ) 
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Fig. 1 2.3 Seventy-eight- 
year-old Caucasian male 
with a 6-year history of 
oral alendronate use for 
osteoporosis, presenting 
with a painful area of 
exposed and infected bone 
involving the right 
hemimaxilla (stage 2 
ARONJ) 




Fig. 12.4 (a) 69-year-old male with diffuse right facial 
swelling, pain, and cutaneous sinus tract formation (see 
Fig. 12.9) consistent with a stage 3 ARONJ. (b) Intraoral 

is essential to understanding most cases of 
ARONJ disease and pathogenesis. Once resident 
in bone, n-BP compounds are usually eliminated 
during bone resorption — a process that can take 
years [21]. This results in a long half-life in bone, 
for example, up to 10 years for alendronate [21]. 
Orally administered n-BP drugs have a very low 
bioavailability (0.3-6 %), whereas intravenous 
administration provides much higher bioavail- 
ability, allowing for greater drug accumulation in 
the skeleton; for example, 50 % of an intravenous - 
administered therapeutic dose of the n-BP pami- 
dronate concentrates selectively in the skeletal 
compartment from the plasma, while the rest is 
excreted unchanged in the urine [22] . These dif- 
ferences in oral versus intravenous dosing and 
bone bioavailability may explain the greater fre- 
quency of ARONJ in oncologic versus rheumato- 
logic dosing. Further, there is significant 


photograph of the same patient shows the source of the 
infection from the exposed bone and inflamed gingiva on 
the buccal aspect of the posterior right mandibular molars 

interpatient variability in n-BP pharmacokinetics 
and biodistribution, but little intrapatient vari- 
ability [22]. Significant differences also exist in 
the potency and binding affinities of various 
n-BP drugs to bone. These differences in the 
pharmacokinetics and pharmacodynamics of the 
various n-BP drugs can impact bone binding and 
release of drug, the observed clinical differences 
in potency and duration of effect, and complica- 
tions like ARONJ. 

Not only does bone acts as a reservoir for n-BP, 
but the drug can also be released during bone 
resorption or trauma and surgery to bone. The con- 
centration of active n-BP drug released into the sur- 
rounding jawbone environment by osteoclastic 
resorption is approximately one-half that of the 
concentration of drug in bone. In vitro thresholds 
for toxicity to cells in the local area essential for 
covering exposed alveolar bone are known. For 
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example, oral mucosal wound healing stops at 0. 1 
mM of pamidronate [20]. Similar studies with 
osteoblasts, endothelial cells, fibroblasts, T-cells, 
and macrophages demonstrate a threshold-depen- 
dent toxicity to concentrations of n-BP drugs 
in vitro [20]. Therefore, after a tooth extraction or 
oral surgical procedures to bone, which is when 
most cases of ONJ occur, bound n-BP from both 
superficial and deep layers of bone is released into 
the local milieu where it can inhibit oral wound 
healing in addition to other effects which we dis- 
cuss shortly and which have been validated in vivo. 

Investigators have questioned why the jaw- 
bones are predominantly affected by osteonecro- 
sis when n-BP drugs disseminate to all bones of 
the body. Accordingly, one popular hypothesis 
for ARONJ pathogenesis is that there is higher 
bone remodeling in the jawbones as compared to 
other skeletal sites and greater remodeling in the 
mandible as compared to the maxilla. Masticatory 
load and mechanics could potentially result in 
greater accumulation of n-BP compounds in the 
mandible versus the maxilla or other osseous 
sites such as the femur. However, a recent study 
evaluating bone scintigraphy scans of cancer 
patients prior to and throughout the course of 
n-BP therapy revealed a similar bone turnover in 
the mandible and the femur and a significantly 
lower bone turnover in the mandible as compared 
with the maxilla [23]. All investigated bone 
regions showed no significant changes through- 
out n-BP administration, and bone remodeling in 
the jawbones was not overly suppressed by ART 
[23]. The finding that the mandible has a signifi- 
cantly lower bone turnover than the maxilla, and 
the fact that most ARONJ cases occur in the man- 
dible, led the authors to suggest that the afore- 
mentioned popular hypothesis for ARONJ 
pathogenesis is not plausible. Additionally, 
uptake of n-BP has been shown to be higher in 
the axial skeleton compared with the appendicu- 
lar skeleton or craniofacial bones; teeth and jaw- 
bones show no exceptional differences in drug 
uptake compared with other hard tissues [24]. 
Therefore, common notions with respect to 
pathogenesis — that there is preferential uptake of 
n-BP drug to jawbones and greater remodeling in 
the jawbones as compared to other bones in the 
body — may be unfounded. 


There is, however, mounting evidence that the 
jawbones are unique from other bones in the body 
mainly in their susceptibility to ARONJ because 
of the presence of bacteria in the mouth and saliva 
which have ready access to jawbone [25, 26]. 
Histopathologic findings indicate that even the 
healthy edentulous jaw can contain regions of 
nonviable bone and microbial biofilm formation 
for more than one year after tooth extraction and 
normal mucosal healing [27]. Regions of nonvia- 
ble bone and subclinical infection may contribute 
to the development of untoward clinical events 
such as ARONJ. Recent microbiologic findings 
reveal a characteristic pathogenic profile of organ- 
isms in patients with ARONJ compared to patients 
without disease [28]. This pathogenic profile is 
dominated by a few phyla, mainly Proteobacteria, 
Firmicutes, and Actinobacteria and predomi- 
nantly facultative anaerobes. The same phyla 
have been shown to dominate symptomatic dental 
periradicular infections as analyzed by 454-pyro- 
sequencing [29]. These pathogens reside in saliva, 
infected teeth, and periradicular lesions and can 
easily gain access to jawbone, especially after 
invasive dental procedures that expose bone, 
which is when most cases of ARONJ occur [30]. 
All studies to date examining ARONJ-affected 
bone histopathologically report microbial coloni- 
zation [31]. 

Recent investigations have also shown that 
n-BP drugs not only inhibit oral wound healing 
and bone healing but also facilitate bacterial col- 
onization on bony surfaces where both drug and 
biofilm bacteria co-localize [32]. Therefore, the 
clinical problem of ARONJ is essentially a 
biofilm-mediated osteomyelitis of the jawbones 
secondary to poor wound healing from toxic 
accumulation of n-BP [33]. The common role of 
infection in ARONJ pathogenesis explains the 
current antimicrobial and surgical approaches to 
ARONJ therapy, the finding of ONJ with other 
classes of drugs not related to ART, and the fact 
that patients are at risk for disease years after dis- 
continuation of n-BP given the long bioavailabil- 
ity of n-BP and of pathogens in jawbone. 

The development of animal models has 
provided additional insights into ARONJ patho- 
genesis. For example, it has been shown that osteo- 
clasts at different anatomic sites internalize n-BP 
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differentially, but differential uptake does not cor- 
relate directly with osteoclastogenesis or osteoclast 
precursor sensitivity to drug [34]. Propensity to 
n-BP is site-specific and varies in the jawbones as 
compared to the femur; jawbone osteoclasts are 
more susceptible to inhibition of prenylation. 
Further, n-BP accumulation in bone has been 
shown, contrary to popular belief, to be an equilib- 
rium-dependent drug-crystalline bone mineral 
interaction which more accurately explains n-BP 
biodistribution and pharmacokinetics and may be 
more relevant to ARONJ pathogenesis [35]. These 
findings reveal that although the jawbones do not 
take up more n-BP than other skeletal sites, jaw- 
bone osteoclasts may be more sensitive to the 
effects of n-BP than osteoclasts at other sites. 
Recent animal studies have also revealed a role for 
immune dysregulation in ARONJ pathogenesis 
[36]. Additionally, animal studies provide the 
opportunity to test novel therapeutics such as 
molecular and stem cell-based approaches to 
ARONJ treatment. However, extrapolating data 
from animal studies directly to humans is problem- 
atic as there are considerable differences in bone 
remodeling, pharmacokinetics, microbiome, 
immune responses, and oral function. Further stud- 
ies in humans and higher levels of evidence are 
necessary before direct translation to humans. 

Finally, the “-omics” revolution and advanced 
molecular methodologies have provided knowl- 
edge into ARONJ pathogenesis through evalua- 
tion of the salivary proteome [37], the 
pharmacogenome via genome- wide association 
studies [38], the microbial metagenome or micro- 
biome [39], and single nucleotide polymorphisms 
[40, 41] associated with disease. This line of 
investigation has the potential to reveal differ- 
ences or unique signatures in patients affected 
with ARONJ as compared to those without dis- 
ease, allowing for development of potential clini- 
cal biomarkers in the future. Prospective 
well-controlled studies using a transdisciplinary 
team of clinicians and basic scientists, with 
bioinformatic and computation biology analyses 
and a hypothesis-driven approach, will be essen- 
tial for advancement in understanding ARONJ 
pathogenesis and risk, as well as for biomarker 
development and validation. 


Risk 

To date, most ARONJ literature represents lower 
levels of evidence and a weak strength of evidence 
for direct translation and application to clinical 
understanding. These publications include editori- 
als, expert opinions, in vitro models, animal mod- 
els, case reports, case series, and retrospective 
studies. Few prospective well-controlled human 
studies exist, which has hindered accurate disease 
characterization and risk assessment. The avail- 
able literature that represents relatively higher lev- 
els of evidence, such as systematic reviews and 
case-control, cohort, and controlled longitudinal 
studies, provides insight into risk factors for 
ARONJ. Table 12.2 lists potential risk factors that 
have been reported to be associated with ONJ in 
general [6, 9, 42^15]. Further studies are needed to 
more accurately address risk and risk assessment 
for ARONJ specifically, and many currently pro- 
posed risk factors require validation. Additionally, 
risk factors differ for rheumatologic versus onco- 
logic patients receiving ART. 

At currently available levels of evidence, it is 
difficult to stratify risk (e.g., low to high), and it 
is more appropriate to identify patients that are 
potentially at risk. Risk assessment must involve 
consideration of medical, dental, and medication 
history, in addition to other clinical parameters. 
Risk assessment aids in identifying patients unaf- 
fected but susceptible to ARONJ, allowing pre- 
ventative and dental prophylactic measures to be 
instituted when necessary [46]. Risk reduction 
efforts may involve restorative or endodontic 
dentistry to avoid extractions or invasive dental 
procedures when possible or the implementation 
of antibiotic prophylactic protocols prior to and 
after necessary invasive dental procedures, which 
has been shown to significantly reduce risk and 
ARONJ incidence [47]. 

More recently, the application of pharmaco- 
metric and bioinformatic analytical tools and pre- 
dictive modeling to patients with ARONJ has 
enabled the quantification of drug levels in the 
bony compartment, allowing determinations of 
drug accumulation to potentially toxic levels for 
induction of ARONJ [48]. Pharmacometrics is a 
burgeoning field that has enabled personalized 
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Table 1 2.2 Potential risk factors for ONJ 

• Dental risk factors (periodontal or periapical 
disease, oral trauma, extractions, implants) 

• Dose and duration of ART therapy 

• Cancer 

• Osteoporosis 

• Corticosteroids 

• Chemotherapy 

• Antiangiogenics 

• Immunotherapy 

• Female sex/estrogen therapy 

• Advanced age 

• Ethnicity (Asian race highest risk) 

• Smoking 

• Anemia 

• Diabetes 

• Arthritis 

• Hypothyroidism 

• Storage diseases 

• Systemic lupus erythematosus 

• Hypertension 

• Hemodialysis 

• Blood dyscrasias 

• Vascular disorders 

• Chemical exposure 

• Herpes zoster 

• Alcohol abuse 

• Coagulation abnormalities 

• Gaucher disease 

• Human immunodeficiency virus infection 

• Hyperlipidemia and embolic fat 


medicine and individualized pharmacotherapy 
and has provided significant clinical insight into 
drug-associated conditions [49]. In the future, the 
application of this approach clinically will give 
practitioners a quantitative pharmacokinetic 
method for determining drug accumulation in 
bone without the need for compartmental mea- 
surements or invasive procedures, serving as a 
powerful risk assessment tool to guide clinical 
decision-making. Pharmacometric modeling of 
accumulation of n-BP in bone has validated that 
ONJ is predictable in dental surgery patients who 
have acquired sufficient concentrations of drug to 
liberate aqueous solutions concentrated above 
the 0. 1 mM in vitro threshold required to impair 
cell migration and completely inhibit intracellu- 


lar production of isoprenoid lipids. These 
population-based pharmacometric tools have 
also identified ethnic predispositions to ARONJ 
and indicate that Asians have the highest risk due 
to anthropometric and potentially pharmacoge- 
nomic parameters [48], which has been partially 
validated in large epidemiologic studies [45]. 
Finally, biomarkers associated with bone physi- 
ology (e.g., CTX, NTX, BAP, OC, DPD, PTH) 
have been investigated for their utility in ARONJ 
risk assessment, but there is currently insufficient 
prospective evidence for risk prediction of 
ARONJ based on biomarkers, and additional 
research and validation are necessary [50]. 


Clinical Features 

Patients with ARONJ can be asymptomatic or 
may have a variety of signs and symptoms. Some 
patients with early stage ARONJ, in both exposed 
and NE variants, may have no associated symp- 
toms and may be unaware of having disease until 
diagnosed by a health-care provider. In NE cases 
at early stage, diagnosis may be delayed until 
overt signs or symptoms become evident with 
disease progression. Early symptomatology 
includes discomfort and an abnormal feeling in 
the mouth. Most ARONJ cases are associated 
with precedent oral trauma or infection, such as 
tooth extraction or an abscess, with delayed 
wound healing [51]. Therefore, dental consulta- 
tion and evaluation is prudent prior to the initia- 
tion of, or especially during, ART. 

A common presentation for ARONJ is a non- 
healing ulcer or extraction socket (Fig. 12.5). The 
mandible is affected more often than the maxilla. 
When exposed bone or sequestrum is present, 
patients may feel the ulcerative lesion with their 
tongue as a rough hard area (the sequestrum) 
with surrounding irregular soft tissue. Patients 
with tori or exostoses are particularly susceptible 
to ARONJ because the overlying mucosa is nor- 
mally attenuated and prone to trauma and injury. 
Figure 12.6 shows a typical lesion of ARONJ 
involving mandibular tori. Epithelialization over 
tori even at early stage disease without signs of 
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Fig. 12.5 (a) 57-year-old female with a history of several of the same patient shows a relatively well-defined saucer- 
years of oral ART presenting with a nonhealing extraction ized radiolucent lesion in the region with suggestion of 
site 6 months postoperatively in the left posterior mandi- central sequestrum formation 
ble anterior to a dental implant, (b) Panoramic radiograph 



Fig. 12.6 Sixty-four-year-old male with a painless area 
of exposed bone and stage 1 ARONJ involving mandibu- 
lar tori 


infection is difficult to achieve naturally and may 
require some surgical intervention. 

Inflammatory signs and symptoms such as 
pain and erythema can be a common finding with 
ARONJ, usually with progression of disease past 
stage 1 . Inflammation of soft tissues surrounding 
affected bone may result in the appearance of 
swollen and/or bleeding gingival tissues as shown 
in Fig. 12.7. Loosening of teeth may occur due to 
periodontal involvement of ARONJ. Purulence 
may be an important finding with disease progres- 
sion and may be accompanied by malodor or bad 
breath. Culture of pus from ARONJ lesions with 
antibiotic sensitivity testing may help guide anti- 
microbial therapeutics, and notoriously patho- 


genic oral bacteria are usually cultured. Exposed 
sequestrum may be sharp, causing irritation and 
traumatic ulcers of adjacent mucosa such as the 
tongue or buccal mucosa. Figure 12.8 shows a 
ventrolateral tongue ulcer secondary to trauma 
from exposed sharp sequestrum in 
ARONJ. Patients with prosthodontic or dental 
appliances may complain of ill-fitting prostheses 
due to inflammatory changes in underlying 
affected tissues, and this can be an early symptom 
of ARONJ. With disease progression, patients 
may complain of difficulty eating or dysphagia, 
and weight loss can be observed in such cases. 
Fever is only seen in more severe cases or 
advanced-stage disease. With fever or active 
purulence from lesions, systemic hematology lab 
values may show increased leukocyte counts, par- 
ticularly lymphocytosis or neutrophilia with or 
without evidence of neutrophil bands. 

When ARONJ occurs in the mandible and 
there is inferior alveolar nerve involvement, 
patients may have sensory complaints such as 
numbness or tingling in the lower jaw and lip on 
the affected side of the face. Sensory complaints 
may represent paresthesia, dysesthesia, allodynia, 
hypesthesia, or anesthesia. In advanced stages of 
disease, pathologic fracture of the jawbone, oro- 
antral or oronasal communication, or sinus tract 
formation to the skin of the face can occur [52]. 
Figure 12.9 shows a cutaneous sinus tract, which 
developed from an advanced ARONJ that was 
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Fig. 12.7 Fifty -nine-year-old female with a stage 2 
ARONJ lesion that bleeds spontaneously and has frequent 
episodes of exudate coming from the lesion, with con- 
comitant malodor. The gingival swelling and bleeding can 
make it difficult to visualize the exposed subjacent bone; 
therefore, gentle saline irrigation may be required in order 
to do so clinically 



Fig. 12.8 The same patient as shown in Fig. 12.2 with an 
ulcer of the left ventrolateral tongue due to trauma from 
the adjacent area of exposed bone. In cases like this, curet- 
tage, filing, or debridement of the bone should allow for 
tongue tissue healing within a few weeks. If healing does 
not occur after addressing the traumatic etiology, biopsy 
of the tongue ulcer may be warranted to rule other condi- 
tions in the differential diagnosis of ventrolateral tongue 
ulcers, such as squamous cell carcinoma 

associated with facial cellulitis. Cellulitis can be 
seen in severe cases with infection dissemination 
through facial spaces; maxillary phlegmon may 
involve canine or buccal spaces, and mandibular 
phlegmon may involve submental, sublingual, 
and submandibular spaces [53]. Further direct or 


lymphatic spread may occur to secondary spaces 
such as pterygomandibular, lateropharyngeal, 
masseteric, and pterygomaxillary spaces. 

Importantly, advanced or severe cases of 
ARONJ are rarely seen with rheumatologic ART 
as compared to oncologic ART dosing regimens. 
ARONJ in the rheumatologic patient follows an 
indolent course. When severe cases are seen in 
patients receiving ART for osteoporosis alone, 
they usually have other risk factors and comor- 
bidities in addition to many years of n-BP therapy 
to the point that bone concentrations of the drug 
have potentially reached parity with intravenous 
dosing concentrations. The most fulminant courses 
of ARONJ are seen in patients receiving ART con- 
comitant with corticosteroid or antiangiogenic 
therapy for oncologic care. A recent Food and 
Drug Administration (FDA) analysis of oral ART 
and adverse effects noted that the highest preva- 
lence of ARONJ cases occurred after 4 years of 
n-BP therapy, supporting previous findings that 
clinical risk for ARONJ is associated with cumula- 
tive dose and duration of therapy [54]. 

The medical history of patients affected with 
ARONJ may reveal comorbidities other than 
osteoporosis, such as diabetes, rheumatoid arthri- 
tis, and anemia. Therefore, thorough review of 
systems and investigation into medical and den- 
tal history is necessary in all cases. Medication 
history besides ART is also important as antian- 
giogenics have been reported to induce ONJ in 
the absence of ART [55] or exacerbate disease 
course in the presence of ART [56]. The finding 
that antiangiogenics alone have been associated 
with ONJ development has led several investiga- 
tors to coin terms like “medication-related” or 
“drug-associated” ONJ to more accurately and 
broadly capture etiology. Patients that have 
ARONJ may experience a reduced quality of life 
with disease progression. It is not unusual for 
patients to have multiple clinical visits for their 
condition, often without accurate diagnosis or 
curative treatment. Some patients may have mul- 
tiple surgeries to treat the condition without reso- 
lution or response, while others have no surgery 
at all when it is actually needed. Long-term anti- 
biotics and analgesics are not unusual for treat- 
ment, whether oral or intravenous, but still may 
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Fig. 12.9 The same 
patient as shown in Fig. 
12.4 with a cutaneous sinus 
tract from their right 
mandibular ARONJ lesion 



not provide definitive disease resolution. Overall, 
there can be a significant financial and temporal 
burden on both patients and the health-care sys- 
tem with respect to ARONJ. 


Histopathology 

Biopsies of bone in ARONJ patients demonstrate 
trabeculae of sclerotic lamellar bone with osteocyte 
dropout from lacunae. The periphery of non-vital 
bone may have scalloped bone resorption in asso- 
ciation with bacterial biofilm colonization on the 
surface. Most cases of ARONJ reveal Actinomyces 
species on routine microscopic evaluation [57]. 
Figure 12.10 shows the bone histopathology for a 
case of ARONJ. Normal bone adjacent to affected 
bone may demonstrate irregular trabeculae of pag- 
etoid bone, with enlarged osteoclasts containing 
abundant intracytoplasmic vacuoles. Granulation 
tissue with occasional presence of multinucleated 
giant cells and medullary inflammation and fibrosis 
may also be observed in specimens [58]. 

Oral soft tissue adjacent to affected bone may 
demonstrate acute and/or chronic inflammatory cell 
infiltration. Pseudoepitheliomatous hyperplasia of 
adjacent mucosa may also be observed, but should 
not be considered a sign of malignancy [59]. More 
advanced microscopic evaluation with tools such 



Fig. 12.10 Biopsy of necrotic bone in ARONJ shows 
areas of non-vital bone or sequestrum characterized by 
osteocyte dropout from lacunae and scalloped resorption 
of the surfaces. Biofilm colonization can be seen on the 
left inferior side of the necrotic bone, and free-floating 
Actinomyces - like colonies can be seen at the bottom of the 
image. Note the acute/chronic inflammatory cell infil- 
trates granulation tissue and extravasated erythrocytes 
(above and below the bone) (H&E, 40x original 
magnification) 
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as confocal scanning laser microscopy or scanning 
electron microscopy has identified multispecies 
microbial biofilms in association with affected 
bone. Figure 12.11 shows a scanning electron 
microscopic image of an Actinomyces microcol- 
ony from a multispecies bone biofilm in a patient 
with maxillary involvement of ARONJ. Importantly, 
microscopic findings in ARONJ can be similar 
to other conditions in the differential diagnosis, 
such as osteoradionecrosis or osteomyelitis; 
therefore, correlation of histopathologic find- 
ings with and clinical and radiologic findings 
and medical history is essential for accurate 
diagnosis. 


Radiology 

In conjunction with clinical examination, radio- 
logic examination is essential for (1) jawbone 
evaluation and determination of the extent of 
ARONJ lesions, (2) monitoring disease progres- 
sion or response to treatment, and (3) guiding 
therapeutics and surgery. In many cases, the clin- 
ical picture does not reveal the full extent of jaw- 
bone involvement by ARONJ. However, 
radiologic evaluation alone can rarely provide 
definitive diagnosis of ARONJ in the absence of 
clinical evaluation and in most cases should not 
be used solely for this purpose. In early cases of 
ARONJ without constitutional signs or symp- 
toms (e.g., AAOMS stage 0 disease) or in NE 
cases at any stage, imaging studies may be more 
informative than clinical findings for accurate 
diagnosis. If previous imaging studies are avail- 
able for comparison, they should be acquired to 
serve as a baseline and provide insight into dis- 
ease progression. Radiologic examination is also 
useful for excluding jawbone malignancy in 
patients with cancer and suspected ARONJ. 

In the dental setting, dental X-rays such as 
periapical or panoramic radiographs and/or cone- 
beam CT (CBCT) scans that allow visualization 
of both jaws are part of a standard initial or preop- 
erative workup of a patient [60]. These imaging 
modalities are often readily available in dental or 
oral surgery settings and are cost-effective and 
associated with less radiation exposure to patients 


than conventional medical CT scans. Medical CT 
scans and MRI are also very useful modalities and 
appropriate in a hospital setting for ARONJ eval- 
uation and are frequently reported in the litera- 
ture. Positron emission tomography (PET), PET/ 
CT, SPECT/CT, planar scintigraphy, optical 
coherence tomography, and digital subtraction 
radiography have also been reported for ARONJ 
evaluation [61-63]. CBCT or CT-based scans can 
be reconstructed three-dimensionally to allow for 
further analyses and evaluation of extent of dis- 
ease, which is critical for accurate staging (Fig. 
12.12). To facilitate detection of early stage cases 
of ARONJ which may have equivocal clinical 
signs or symptoms, investigators have developed 
simple methodologies based on radiodensity mea- 
surements of jawbone in dental and medical 
radiographs [64-66]. Importantly, imaging 
modalities have varying sensitivity and specificity 
for ARONJ lesion detection, but a systematic 
analysis directly comparing all modalities has yet 
to be conducted. Since there are advantages and 
disadvantages to each imaging modality and each 
patient and case is unique, patient parameters and 
clinical judgment should guide appropriate imag- 
ing study selection. 

Radiographic findings in ARONJ vary 
depending on stage of disease or degree of jaw- 
bone involvement. Prior to overt evidence of dis- 
ease (e.g., stage 0 or NE early stage), there may 
be marked radiopacity or osteosclerosis in a 
region of jawbone (Fig. 12.13) or persistence of 
unremodeled bone in an extraction socket 
(Fig. 12.14). With frank bone necrosis, destruc- 
tion of the trabecular structure of cancellous bone 
can be observed; these present as lytic, poorly to 
well-defined radiolucent regions of jawbone 
spreading from the epicenter of the lesion. Areas 
of bone lysis with centralized sequestrum forma- 
tion may be seen with ARONJ progression 
(Fig. 12.15); these appear as mixed or mottled 
areas radiographically. There may be evidence of 
cortical expansion, thinning, erosion and perfora- 
tion, and/or periosteal bone formation 
(Fig. 12.16). ARONJ lesions are usually space- 
occupying, but they can displace adjacent ana- 
tomic structures such as teeth, the inferior 
alveolar nerve canal, or the maxillary sinus. 


Fig. 12.11 The top half of 
the image shows a patient 
with maxillary ARONJ, 
and the bottom half shows 
a scanning electron 
micrograph (5000x 
original magnification) of 
the resected bone specimen 
with a biofilm microcolony 
of pleomorphic bacterial 
rods ( blue arrows), with 
some exhibiting the 
characteristic 
circumferential ring 
indicative of Actinomyces 
species 



Fig. 1 2.1 2 Cone-beam 
CT with 3D reconstruction 
of the jaws in a 71-year-old 
African American male 
with a history of multiple 
myeloma and 2 years of 
intravenous zoledronate 
therapy. Stage 3 ARONJ is 
evident with extensive 
bone necrosis to the 
inferior alveolar nerve in 
the mandible and the 
antrum of the maxillary 
sinus 
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Fig. 12.13 (a) Panoramic radiograph of a patient with 
stage 0 ARONJ of the right posterior maxilla shows an 
area of well-defined radiopacity or osteosclerosis subja- 
cent to the floor or antrum of the maxillary sinus, (b) The 


same patient has a swollen soft tissue lesion in the same 
area as the radiographic sclerosis but without evidence of 
exposed necrotic bone in the oral cavity 



Fig. 1 2.1 4 (a) Panoramic radiograph showing a nonheal- 
ing extraction socket 8 months postoperatively in a patient 
with stage 0 ARONJ of the left posterior mandible. 
Compare the ARONJ lesion on the patient’s left ( right of 
image) to the patient’s right mandible ( left of image) 


where extractions were performed previously at the same 
time as the contralateral side but complete healing has 
occurred with bone fill, trabeculation, and cortication. (b) 
Periapical X-ray of the same case shows how the intersep- 
tal bone is developing into sequestrum 


Fig. 12.15 Panoramic 
radiograph of patient with 
advanced ARONJ affecting 
the inferior alveolar nerve 
and appearing as a mixed 
lesion, with central 
sequestrum formation and 
peripheral lytic change 
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Fig. 12.16 Axial (top) and coronal ( bottom ) CBCT 
images of a 75-year-old male who has ARONJ affecting 
the right hemimandible, with evidence of cortical erosion 


Tooth involvement may appear as widened or 
thickened lamina dura on radiographs. With 
advanced or late stage cases, pathologic fracture 
may be observed, but again this is a rare finding 
with ART in the rheumatologic setting. 

On MRI evaluation, ARONJ is identified as 
regions within jawbone showing decreased sig- 
nal of the bone marrow on T1 -weighted images 
and increased signal on T2- weighted images. In 
cases with soft tissue spread of infection, MRI 
can be useful for evaluation of extent of disease 
and anatomic localization (Fig. 12.17). Contrast- 


and perforation and central sequestrum formation. 
Compare to the unaffected left hemimandible which 
appears normal in morphology and cortical outline 


enhanced MRI can also be useful for such evalu- 
ation. Radionuclide-based imaging studies show 
pathologically increased tracer uptake in affected 
regions of jawbone, and contralateral jawbone, if 
normal, may be used as an internal control or ref- 
erence standard. Importantly, radiologic features 
of ARONJ can be similar to other conditions in 
the differential diagnosis, such as cases of osteo- 
myelitis, osteoradionecrosis, or malignancy. 
Therefore, as with histopathology, definitive 
diagnosis is difficult with imaging alone in the 
absence of clinical correlation. 
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Fig. 12.17 Axial fat suppression T2-weighted MRI of 
the head and neck in a patient with stage 3 ARONJ and 
nearly complete replacement of fatty marrow in the right 


Diagnosis 

Many conditions may resemble or have overlap- 
ping features with ARONJ clinically, radiograph- 
ically, and/or histopathologically depending on 
anatomic location of involvement and various 
clinicopathologic parameters. The differential 
diagnosis of ARONJ may include osteomyelitis, 
osteoradionecrosis, and osteonecrosis secondary 
to herpes zoster infection, osteopetrosis, osteo- 
sclerosis, spontaneous lingual sequestration of 
the mandible, cemento-osseous dysplasia, 
Paget’s disease, fibrous dysplasia, gingivitis/peri- 
odontitis, pyogenic granuloma, traumatic ulcer, 
pulpitis, mucositis, sinusitis, neuropathy or neu- 
ralgia, temporomandibular disorders, myofascial 


hemimandible, with edema/phlegmon of the adjacent 
masseter muscle. Note that this is the same patient as 
shown in Figs. 12.4 and 12.9 

syndrome, odontogenic tumors, and primary or 
metastatic tumors of jawbone. Since there is no 
single finding or combination of findings that is 
pathognomonic for ARONJ, clinical diagnosis of 
ARONJ should be predicated on thorough review 
of systems, evaluation of medical and dental his- 
tory, risk factors, medication history, presenting 
signs and symptoms, examination, radiologic 
findings, histopathologic findings when avail- 
able, and exclusion of other conditions within the 
differential diagnosis. The schematic in 
Fig. 12.18 represents a useful clinical diagnosis 
algorithm for ARONJ. 

In the clinical setting, many of the conditions 
in the differential diagnosis of ARONJ such as 
osteoradionecrosis, osteomyelitis, or osteopetro- 
sis are extremely uncommon for many reasons. 
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Fig. 1 2.1 8 Clinical algorithm for ARONJ diagnosis and staging 


For example, osteoradionecrosis of the jaws in 
irradiated head and neck cancer patients has 
become less common due to the emergence of 
more focused delivery of radiation therapy via 
technological and biological advances in radiation 
oncology, the use of hyperbaric oxygen for dental 
preventative and therapeutic measures, and 
greater clinical awareness of this complication 
resulting in preventative measures prior to, dur- 
ing, and after radiation therapy. Osteomyelitis of 
the jaws has also declined in incidence because of 
antimicrobial therapeutics and in general is rare in 
the jaws and usually involves long bones [67]. 
Osteopetrosis is also uncommonly encountered 
clinically because by definition it refers to a group 
of rare, heritable disorders of the skeleton [68] . 

In early 2014, a PubMed or Medline article 
search of the English language scientific litera- 
ture from 1800 to 2002 would reveal approxi- 
mately 120 publications using the Medical 
Subject Headings (MeSH) search terms “jaw” 
and “osteonecrosis” in humans, and most of these 
are case reports of jawbone conditions such as 
osteoradionecrosis, osteomyelitis, chemical 


osteonecrosis, and zoster-associated osteonecro- 
sis to name a few. A similar PubMed or Medline 
article search of the scientific literature with the 
same MeSH headings and parameters, but from 
the years 2002 to 2014, would reveal nearly 1500 
publications. Most of these are ART-related cases 
which suggest that ARONJ is a unique and emer- 
gent phenomenon. The point being that ONJ 
unrelated to ART is rarely seen clinically and 
when it does occur, it responds to established 
therapies. Conversely, ONJ is encountered clini- 
cally given the widespread use of ART and has a 
very distinct presentation and course as com- 
pared to other conditions in the differential 
diagnosis. 

Physical examination for ARONJ diagnosis 
should include an intraoral examination with a 
mouth mirror and adequate direct lighting (and 
universal precautions with personal protective 
equipment) in order to carefully visualize intra- 
oral anatomic structures for abnormalities. 
Usually, the presence of exposed bone in the 
mouth meeting the AAOMS criteria for ARONJ 
definition is sufficient for accurate diagnosis 
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once other conditions in the differential diagnosis 
are ruled out. In oncologic ARONJ cases, jaw- 
bone biopsy may ultimately be warranted to rule 
out metastatic disease which can mimic ARONJ 
clinically and radiographically [69]. However, 
biopsy is usually unnecessary in ARONJ cases 
associated with rheumatologic therapy in non- 
oncologic patients, especially in early stage cases 
that respond to conservative or nonin vasive mea- 
sures. In fact, surgical biopsy and further bone 
exposure may be contraindicated in some cases 
as this may exacerbate the condition. Clinicians 
should also systematically approach the diagno- 
sis and management of NE cases of ARONJ, 
based on the presenting clinical signs and symp- 
toms, an assessment of associated risk factors, 
radiologic evidence, examination, and history of 
refractory medical treatment. These findings, in 
conjunction with medical and dental history and 
a review of systems, should guide a tentative 
diagnosis of the NE variant of ARONJ and enable 
initiation of management prior to the clinical 
onset of exposed necrotic bone. 
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Introduction 


Summary 

• Osteonecrosis of the jaws (ONJs) from 
bisphosphonates was first seen in 2003. 

• The numbers have risen since with increasing 
numbers each year. 

• ONJ is still a rare occurrence among patients 
with osteoporosis 

- The prevalence of ONJ is less than 01 %. 

• A new type of ONJ, nonexposed ONJ has 
been recognized recently. 

• Nonexposed may occur in up to one fourth of 
ONJ cases. 

• ONJ may occur from bisphosphonate and 
from denosumab. 

• ONJ is now called antiresorptive medication- 
related ONJ. 

• Important risk factors for ONJ include dura- 
tion of antiresorptive medication, type and 
dose of the medication, and infection around 
teeth and tooth extraction. 
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Osteonecrosis of the jaws (ONJ) was first 
reported around 2003. Marx et al. [1] reported 
pamidronate (Aredia)- and zoledronate 
(Zometa)-induced avascular necrosis of the 
jaws, and a growing epidemic was foreseen. 
Shortly after, a number of case series docu- 
mented the start of a new epidemic. Ruggerio 
et al. [2] reported 63 cases from the New York 
area, and Marx et al. [3] published 119 cases of 
ONJ from Florida. During the last 5 years, anti- 
angiogenic medications, known as tyrosine 
kinase inhibitors, have additionally been associ- 
ated with the development of ONJ. Tyrosine 
kinase inhibitors inhibit vascular endothelial 
growth factors and may alone or in combination 
with BF or denosumab give rise to ONJ. However, 
this happens only in cancer patients, as osteopo- 
rosis patients are usually not treated with these 
drugs [4, 5]. This was the start of the ongoing 
and growing epidemic of ONJ, although in 1879, 
a condition known as “phossy jaws” was discov- 
ered among workers exposed to phosphorus in 
match factories. The environmental work expo- 
sure to phosphorus at that time leads to accumu- 
lation of phosphorus in the jaw bone giving rise 
to a condition very similar to the ONJ we know 
today [6]. This first epidemic ended when 
importing and working with white phosphorus 
were banned in many countries in 1912. 
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In the decade since 2003, a number of consen- 
sus papers by various organizations have set the 
stage for updates, guidelines for diagnosis and 
treatment, risk factors, prevention, and not least 
many unanswered questions that the research 
community are to address [7-12]. Experimental 
studies including animal models as well as cell 
culture studies have already been implemented 
[13-15]. 


Terminology 

ONJ has been termed bisphosphonate (BP)- 
associated or BP-induced ONJ in the consensus 
papers. However, since the discovery of 
denosumab-induced ONJ, the nomenclature is 
insufficient. This applies also to the recently 
reported ONJ induced by the new antiangioge- 
netic drugs like tyrosine kinase inhibitors (suni- 
tinib, bevacizumab, etc.) [4, 5]. A consensus 
paper in 201 1 by the American Dental Association 
Council on Scientific Affairs suggested the term: 
“antiresorptive agent-induced ONJ” (ARONJ) 
[11]. Most recently, the American Association of 
Oral and Maxillofacial Surgeons acknowledged 
the association of ONJ with various types of 
medication. The term medication-related ONJ 
was introduced in June 2014 [12]. In the present 
chapter, this will generally be referred to as 
“ONJ.” 


Definition of ONJ 

ONJ is a clinical diagnosis defined as the pres- 
ence of exposed bone for more than 8 weeks in a 
patient presently or previously on bisphospho- 
nate treatment or other antiresorptive treatment 
and who has not received irradiation for head and 
neck cancer [7-12]. Thus, patients treated with 
denosumab and other new medications are usu- 
ally included in the definition. 

It is important to note that although ONJ is 
defined officially as the presence of exposed jaw 
bone, a number of ONJ patients have no exposed 
bone, i.e., there is no area of denuded bone visi- 
ble in the oral cavity. This group, referred to as 


nonexposed ONJ , is believed to suffer from the 
same biologic condition as the exposed ONJ 
patients [16-18]. The nonexposed ONJ is dis- 
cussed further below under classification. 


Diagnosis and Classification 

The diagnosis of ONJ is clinical as defined above 
[8, 10]. A number of consensus papers by vari- 
ous organizations have presented definition and 
guidelines for diagnosis and treatment [7-11]. In 
the paper by Ruggerio et al. [8], ONJ was sepa- 
rated into three stages (Table 13.1). Basically, 
stage 1 signifies exposed bone in a patient with- 
out symptoms. Stage 2 implies symptoms and/or 
signs of infection, whereas stage 3 includes 
patients with widespread and/or severe osteone- 
crosis involving, for example, the maxillary 
sinus, the mandibular alveolar nerve, or showing 
spontaneous fracture of the jaws. In 2009, the 
Ruggerio et al. [10] criteria were revised by the 
introduction of a stage 0, indicating nonspecific 
symptoms from the jaws but without exposed 
bone. In June 2014, the American Association of 
Oral and Maxillofacial Surgeons consensus 
paper included the presence of fistula as indica- 
tive of “exposed bone” and thus improved the 
classification [12]. 

However, the subgroup of nonexposed ONJ 
(with no fistula) is still not covered by the con- 
sensus classification. The nonexposed ONJ has 
been described in a number of studies [16-18]. 
The proportion of nonexposed ONJ ranges from 
14 to 35 % of an ONJ population [16, 18, 19]. If 
nonexposed ONJs are not recognized or accepted, 
it might have a significant consequence for epide- 
miologic studies potentially leading to underre- 
porting [18]. One should bear in mind that 
odontologic infectious foci as, for example, a 
dental periapical infection or sinusitis from a 
periapical infection close to the sinus, should be 
excluded as the cause of symptoms before a diag- 
nosis of nonexposed ONJ is made. 

Schiodt et al. [18] published suggested criteria 
for nonexposed ONJ (Table 13.2). Nonexposed 
ONJ has an overlap with stage 0 (Ruggerio et al. 
2009 [10]), and it is suggested to avoid using 
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Table 1 3.2 Criteria for classification of exposed and nonexposed osteonecrosis after Schiodt et al. (2014) [18] 

Criteria by Schiodt et al. (2014) [18] 

How to classify a patient suspected for ONJ Criteria for exposed ONJ (E-ONJ) Criteria for nonexposed ONJ (NE-ONJ) 

1 . Present and/or previous bisphosphonate or other Yes Yes 
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These criteria can be used as a supplement to Table 13.1 
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stage 0 and instead use nonexposed ONJ 
(Table 13.2), and those from the previous stage 0 
who do not fulfill criteria for nonexposed ONJ 
can be classified as “at risk.” Examples of “at 
risk” patients are patients on BP treatment with 
radiologically widened lamina dura around the 
teeth but without symptoms from the jaw. 


Epidemiology 

Since the first description by Marx et al. in 2003 
[1], increasing numbers of ONJ have been 
reported. The literature reports quite varying 
incidence rates from less than 0.01 to 18.6 % 
[20-22] . Generally, ONJ occurs more frequently 
among patients on intravenous treatment with 
nitrogen-containing bisphosphonates, compared 
to peroral tablet treatment. The incidence is much 
higher among cancer patients with skeletal 
metastases or multiple myeloma compared with 
that seen in osteoporosis patients. The varying 
incidence rate may be influenced by study 
designs, as some studies are retrospective or 
based on questionnaires without an oral examina- 
tion possibly underestimating the incidence, and 
others are based on a detailed oral examination 
by dental or maxillofacial specialists. Prospective 
studies of the latter type reveal incidences of 
more than 10 % [20, 23, 24]. For example, Walter 
et al. [20] reported an incidence of 18.6 % in 
zoledronate-treated cancer patients in a prospec- 
tive design with thorough dental examination of 
all patients. In contrast, patients with osteoporo- 
sis have a much lower risk, around 0.1 % [25]. 


In a recent large multi-clinic case-control 
study from Australia involving 4212 patients 
recruited during a 6-month window period, 
Borromeo et al. [26] found that odds ratio for 
osteoporosis patients on bisphosphonate treat- 
ment developing delayed healing (including 
ONJ) was 11.6 (95 % Cl 1.9-69.4; P = 0.01). 

A systematic literature review by Solomon 
et al. [27] included nine studies and patient popu- 
lations exceeding 500,000 bisphosphonate-treated 
patients. They reported an incidence rate for ONJ 
among osteoporosis patients varying from 0.028 
to 4.3 %. The relative risk for ONJ among bisphos- 
phonate-treated osteoporosis patients showed 
odds ratio of 7. 2-9. 2 [27]. Another systematic 
review among osteoporosis patients from 2013 
revealed comparable results [28]. 

A case-control study of ONJ cases diagnosed 
after January 1st 2003 in the USA involving sev- 
eral NIH-supported private dental practice 
research networks identified 191 cases of ONJ 
and allocated 573 controls [29]. Patients with a 
history of any cancer had odds ratio of 14.3 for 
ONJ compared with those without cancer. 
Similarly, patients with osteoporosis (OR = 7.0), 
diabetes (OR=1.7), or anemia (OR=3.1) had 
higher associations with ONJ compared with 
individuals without these conditions. Excluding 
those with cancer, bisphosphonate use of varying 
length and local risk factors as oral suppuration 
and dental extraction were highly associated with 
ONJ [29]. Table 13.3 gives an overview of the 
findings of Barasch et al. [29], including the odds 
ratio for ONJ with varying length of oral bisphos- 
phonate treatment. 


Table 1 3.3 Risk factors for osteonecrosis of the jaws among study participants without cancer in case-control study 


Risk factor 

ONJ cases (n = 30) 

Controls (A/ = 81) 

Odds ratio 
(95 % Cl) 

P-value 

Oral suppuration 

Yes 

No 

11.9 (2.0-69.5) 

0.006 

Tooth extraction 

Matched extraction 

Any extraction 

6.6(1.6-26.6) 

0.008 

Oral bisphosphonate 

Yes 

No 

7.2 (2.1-24.7) 

0.002 

Bisphosphonate use any type 

<0-2 years 


9.9 (2.2-45.6) 

0.003 


2-5 years 


39.8 (10.0-158.8) 

<0.0001 


>5 years 


38.6 (9.1-163.6) 

<0.0001 


Modified after Barasch et al. 2011 [29] 
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Risk Factors 

Risk factors for the occurrence of ONJ may be 
systemic or local, which may be present both in 
patients treated for malignant bone involvement 
or benign conditions including osteoporosis. In 
the following, the emphasis will be on data from 
osteoporosis. 

Systemic Risk Factors 

The basic disease in terms of malignant disease 
with skeletal metastatic involvement including 
breast cancer, prostate cancer, and multiple 
myeloma is associated with a higher risk for ONJ 
than osteoporosis. In case series of ONJ, the 
majority of patients are cancer patients. The osteo- 
porosis patients constitute varying proportion 
from 7 to 70 % [18, 30, 31]. The reasons for the 
different proportion may be due to referral selec- 
tion or type of medication in various populations. 
However, irrespective of basic disease (being 
malignant or osteoporosis), the risk of ONJ is 
dependent of the potency of bisphosphonate 
(nitrogen-containing bisphosphonates carrying a 
higher risk than other bisphosphonates), the dose 
of bisphosphonate (risk increasing with dose), the 
mode of administration (iv higher risk than oral 
bisphosphonates), and the duration of bisphospho- 
nate treatment (risk increasing with duration). 

Other antiresorptive agents, such as the 
RANKL-inhibitor denosumab, are associated 
with ONJ [32]. ONJ occurs both associated with 
high dose (XGEVA) administered subcutane- 
ously monthly for cancer patients and with low 
dose (Prolia) given subcutaneously half-yearly 
[18]. Denosumab was introduced rather recently 
and has not yet been used for sufficient time that 
solid epidemiologic data on denosumab-induced 
ONJ have appeared. 

Ages older than 65 years and diabetes have 
been associated with increased risk of ONJ [2, 
33, 34]. Corticosteroid treatment was suggested 
as risk factor, but findings are not consistent [11]. 
Smoking and obesity were risk factors in a case- 
control study on cancer patients treated with 
zoledronic acid, but these factors are unconfirmed 
in osteoporosis patients [35]. Other systemic risk 


Important Risk Factors for ONJ Caused by 
Antiresorptive Treatment 

Systemic Risk Factors 

• Type of bisphosphonate: zoledronic 
acid and pamidronate, higher risk 

• IV administration compared to oral 
tablets 

• Duration of bisphosphonate 

• Cancer diagnosis (compared to 
osteoporosis) 

• High age 

• Diabetes 

Local Risk Factors 

• History of tooth extraction or other den- 
toalveolar surgery 

• Mandibular and palatal tori 

• Ill-fitting dentures 

• Oral infection with suppuration 

• Periodontitis 

• Insufficient oral hygiene 


factors, such as chemotherapy or antiangioge- 
netic agents, may be of importance for the occur- 
rence of ONJ, but formal statistical evidence is 
lacking. Recently, tyrosine kinase inhibitors like 
sunitinib [4] and bevacizumab and other agents 
used in cancer treatment were reported associ- 
ated with ONJ, either alone or in association with 
bisphosphonates [5]. Recently, a number of stud- 
ies have suggested that might be a genetic predis- 
position for developing ONJ. This is the subject 
for a number of ongoing studies [36, 37]. 

Local Risk Factors 

The most important local risk factor is a history 
of recent tooth extractions. In virtually all pub- 
lished clinical case series, a history of tooth 
extractions or other dentoalveolar surgical proce- 
dures prior to the onset of ONJ has been recorded 
in more than half of the patients. Reported fre- 
quencies range from 38 to 88 % of the cases [11, 
18, 20, 38, 39]. 

In a study by Schiodt et al. (2014) [18] com- 
prising 102 patients including 33 patients with 
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osteoporosis, 61 % had a history of tooth extrac- 
tion before the onset of ONJ. The mean time 
from tooth extraction to referral for the ONJ was 
7 months with a range of 1-36 months. Thus, 
there is sometimes a lack of attention to the 
symptoms and signs of ONJ among the primary 
health-care providers giving rise to late referrals. 
Local risk factors may relate to anatomical loca- 
tion of ONJ lesions in the oral cavity. 


Clinical Features, Management, 
and Treatment of ONJ 

The reader is referred to Chaps. 12 and 14. 
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Summary 

• Osteonecrosis of the jaw (ONJ) most often 
shows exposed bone, but non-exposed osteo- 
necrosis occurs. 

• ONJ occurs most often in the posterior 
mandible. 

• ONJ may sometimes lead to loss of teeth, jaw 
bone, and masticatory function. 

• ONJ can be successfully surgically treated in 
the majority of cases. 

• Always have the teeth examined and fixed 
before start of antiresorptive treatment. 

• If suspicious of osteonecrosis, refer the patient to 
a central clinic, for example, oral and maxillofa- 
cial surgery, with expertise in osteonecrosis. 


Introduction 

Since the early reports of ONJ [1-3], we have 
learned a lot on diagnosis and treatment of 
ONJ. Today (October 2014), a large number of 
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publications are known in the Western world. 
A number of consensus papers by various organi- 
zations have set the stage for updates, guidelines 
for diagnosis and treatment, risk factors, preven- 
tion, and not least many unanswered questions 
that the research community are to address [4-9] . 
Experimental studies including animal models as 
well as cell culture studies have already been 
implemented [10-12]. 

See Chap. 13 for terminology, definition, 
diagnosis and classification, and risk factors of 
ONJ. In the present chapter, osteonecrosis of the 
jaw will be generally referred to as “ONJ.” 


Clinical Features of ONJ 
Symptoms of ONJ 

Symptoms of ONJ include exposed bone and/or 
a nonhealing tooth socket after extraction, pain, 
or swelling of the jaw. Other oral symptoms may 
be loosening of teeth, oral ulcer of the tongue or 
gums from a denture or from protruding exposed 
bone, or in advanced cases a numbness of the 
lower lip. This latter symptom indicated 
advanced mandibular osteonecrosis involving 
the mandibular nerve canal. Rarely, an oral or 
submandibular abscess formation may be the 
first symptom of ONJ, and rarely a spontaneous 
jaw fracture may occur. 
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Clinical Findings 

The typical ONJ lesion appears as exposed bone, 
most often in the alveolar process in mandible or 
maxilla corresponding to a missing tooth 
(Figs. 14.1, 14.2, and 14.3). This may occur after 
tooth extraction with a nonhealing socket. Other 
clinical presentations are exposed bone on the 
gums of edentulous patients wearing dentures 
(Fig. 14.1). 



Fig. 14.1 Stage 1 osteonecrosis of edentulous mandible 
of a 73-year-old woman with osteoporosis treated with 
alendronate for 10 years. Note exposed bone on the lin- 
gual aspect of the mandible ( blue arrow ) and small fistula 
on the buccal aspect ( black arrow ) 



Fig. 14.2 Stage 1 osteonecrosis showing exposed bone 
around lower premolar in right mandible (arrow) in a 
81 -year-old woman with osteoporosis treated with 
bisphosphonate for 5 1 months (48 months alendronate, 3 
months Forsteo). She was treated by surgery including 
small local bone resection and removal of the tooth 


Two thirds of ONJ lesions occur in the man- 
dible, one third in the maxilla, and a small per- 
centage occur in both jaws [13-15]. 

The presences of mandibular exostosis (tori) 
or maxillary exostosis (palatal tori) are risk loca- 
tions for ONJ (Fig. 12.6). These cases are often 
spontaneously occurring. Another local risk area 
is the lingual aspect of the mandible at the wis- 
dom tooth area, both in dentate and in edentulous 
patients. It is important to visually inspect these 
areas carefully, as the lesions are easily over- 
looked (Fig. 14.1). 

When exposed bone after tooth extraction has 
been left without treatment, the necrotic lesion 
may expand and involve the neighboring teeth, 
which then usually cannot be saved (Fig. 14.3). 

Another clinical presentation is lack of visi- 
ble exposed bone but only a fistula, sometimes 
with pus coming out on pressure, on the alveo- 
lar process (Fig. 14.4a). These cases are so- 
called non-exposed ONJ. Other types of 
non-exposed ONJ are even more difficult to 
diagnose as there may be only pain and swell- 
ing but no exposed bone and no fistula. Useful 
imaging techniques in addition to radiograph 
include CT or cone beam scans and bone scin- 
tigraphy, sometimes combined with CT 
(SPECT-CT) (see Fig. 14.4). These patients 
should always have a dental examination, and a 
common periapical infection around a tooth 
should be excluded; see also diagnostic criteria 
of non-exposed ONJ (Table 13.2). 

A nonhealing socket after tooth extraction 
presenting with exposed bone is usually without 
symptoms or sign of infection in the beginning. 
Other lesions may start at the marginal bone 
around the tooth (Fig. 14.2). When symptoms 
and signs of infection occur the lesion is classi- 
fied as stage 2; see Fig. 14.4. 

Stage 3 (cf. Tables 13.1 and 13.2) refers to 
the advanced cases which are widespread, often 
with multiple sites of exposed bone (Fig. 14.3) 
and involvement of the maxillary sinus 
(Fig. 14.3b), in the mandible extending to the 
inferior nerve canal, showing extraoral fistula, 
or present with a spontaneous jaw fracture (see 
also below). 
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Fig. 14.3 Stage 3 osteonecrosis showing exposed bone 
in the maxilla and mandible in a 51 -year-old woman with 
osteoporosis, chronic obstructive lung disease, alcohol 
problem, and liver disease. The patient had severe extra- 
oral fistulas with pus secretion from the mandible. She 
had been treated with alendronate (36 months), aclasta (18 


Severe Clinical Manifestations 

These features only occur by definition in ONJ 
stage 3 (see Tables 13.1 and 13.2). A number of 
patients present with a cutaneous fistula as the 
first sign of ONJ. Fistulas may appear subman- 
dibularly or on the chin or cheek. Usually, but not 
always, fistulas are associated with severe bone 
exposure intraorally. A submandibular or intra- 
oral abscess as sign of acute infection is another 
manifestation, which is rarely the first symptom, 
but during long-term course may occur in 30 % 


months), and denosumab (36 months) for a total of 90 
months. Notice infection on right maxillary sinus. After 
hospitalization and feeding until sufficient weight (from 
35 kg to 42 kg), she had a continuity resection done in the 
lower jaw and partial resection in the upper jaw. She 
became free of symptoms and was cured of her ONJ 


of the cases [13] and thus quite common. There 
may be varying degree of suppuration from the 
fistulas. Cutaneous fistulas occur in 5-10 % of 
ONJ cases [13, 15]. 

Paresthesia, numbness, or hyposensation of the 
lower lip indicating mandibular alveolar nerve 
involvement occur in around 1 1 % of ONJ at initial 
examination [13]. During operation, necrosis of the 
bone surrounding the nerve is often evident. 
Spontaneous fracture of the mandible is rarely seen 
(3^1 %) [13, 16]. Severe ONJ lesions of the max- 
illa often involve the maxillary sinus (Fig. 14.3c). 
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Fig. 1 4.4 (a) Stage 2 — non-exposed type of osteonecro- 
sis of the lower jaw in a 70-year-old woman with osteopo- 
rosis. She was treated with alendronate 70 mg/week p.o. 
for 3 years followed by aclasta i.v. yearly for 3 years, thus 
a total of 6 years of bisphosphonate treatment before onset 
of osteonecrosis. Notice the fistula with pus on the top of 
the alveolar process (arrow) in the lower right (edentu- 
lous) mandible. There is no exposed bone in the jaws, (b) 
Preoperative panoramic radiograph of the patient from 
Fig. 14.3a showing sequester in the alveolar process of 
right lower mandible (arrow), (c) Cone beam CT scan of 


the mandible of the patient shown in Fig. 14.3a. Notice 
the extensive necrotic area in the lower mandible extend- 
ing through the lingual aspect of the jaw (arrow). The 
alveolar nerve was affected by the necrosis, (d) 
Scintigraphy of the jaws showing moderately increased 
signal in the right mandible, (e) Postoperative radiograph 
after block resection and removal of sequester in right 
mandible (arrow), (f) Postoperative healing. The patient 
was free of symptoms 1 week postoperatively and still 
without symptoms and without recurrence of osteonecro- 
sis after 1 .5 years observation time 
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Imaging of ONJ 

The imaging of ONJ has improved during the last 
decade (see also Chap. 12). The traditional ortho- 
pantomograph is the basis of imaging of the jaws. 
However, most patients will have a CT scan or 
cone beam scan of the jaws. Bone scintigraphy is 
useful, either the traditional type or combined as 
SPECT-CT or PET-CT. MR scans may have 
value evaluating the soft tissue changes including 
suspected abscesses, and other types of imaging 
will most likely find its way to the diagnostic 
tools [17, 18]. None of the imaging methods can 
stand alone. ONJ is still a clinical diagnosis, and 
it is not expected that imaging will be the gold 
standard of diagnosis in the near future. However, 
imaging is tremendously important for evaluat- 
ing a given ONJ lesion and for the planning of 
treatment as well as for monitoring natural his- 
tory and treatment results. 


Radiographs 

The reader is also referred to Chap. 12. First, ONJ 
lesions may present on orthopantomograph in sev- 
eral ways. The typical sequester is a demarcated 
area of radiopaque or normally looking (dead) 
bone surrounded by an osteolytic zone (Fig. 14.4b). 
In patients who have had a tooth extracted, the 
dental socket is not healing within half a year as in 
normal patients but may stay open for months to 
years after extraction. This is the effect of the 
bisphosphonate reducing the remodeling of the 
bone. A characteristic sign of long-term bisphos- 
phonate treatment is the thickening of the lamina 
dura surrounding the teeth. The widening of lam- 
ina dura is not a sign of ONJ but only indicates the 
long-term effect of bisphosphonate and places the 
patient in the “at-risk” classification (Table 13.1). 
Other manifestations are radiopacities, either 
focally or more widespread. 

Often a mix of radiolucent and radiopaque 
areas is seen, which may in fact be necrotic. In 
these cases, additional imaging in the form of a 
CT scan or cone beam scan should be considered 
mandatory. 


CT Scans 

CT scans including cone beam scans give the pos- 
sibility to map the osteonecrosis in detail includ- 
ing evaluating the involvement of mandibular 
alveolar canal and the maxillary sinus (Fig. 14.3). 

Scintigraphy 

Bone scintigraphy utilizing a radioactive techne- 
tium tracer alone or combined with CT scans 
(SPECT-SCAN) may map the extent of the 
lesions. Often, there is a good correlation between 
the clinical and radiographic features of a given 
ONJ lesion (Fig. 14.4d). As the tracer depends on 
active bone formation, the signal is almost cer- 
tainly due to the periosteal reaction of the ONJ 
lesion and is thus not a feature of the dead bone 
itself. This may also explain why some patients 
show little signal on scintigraphy. The impor- 
tance of the scintigraphy is that lesions extending 
further than the clinical or radiologic lesion may 
be identified [18]. 


Pathogenesis of ONJ 

The pathogenesis of ONJ is complex and partly 
unknown (see also Chap. 12). Most likely, the 
onset of ONJ is based on a multifactorial combi- 
nation of local and systemic risk factors. 

Bisphosphonate and denosumab, although 
acting through different pathways, both lead to a 
reduced remodeling of the skeletal bones and 
increased bone mineral content. The pathogene- 
sis may involve a changed turnover of bone mod- 
eling, different response of osteoclasts to cytokine 
stimuli, as well as genetic factors [19, 20]. 

It is noticeable that tooth extractions or other 
oral surgical procedures precede the onset of 
ONJ in a high proportion (50-75 %) of the cases 
[13, 21]. However, it has been proposed that it is 
the infection that leads to the tooth extraction 
rather than the tooth extraction itself, which may 
be of importance [12, 16, 21, 22]. Cell culture 
experiments seem to indicate that the acidic 
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environment in infectious areas as well as release 
of free BP might be of importance [12]. Epithelial 
healing following oral ulceration decreased due 
to alendronate in BP treatment [23]. 

Recently, the establishment of animal models 
of ONJ including rodents, beagle dogs, and mini 
pigs has been published [10, 24]. It seems that 
ONJ can be reliably established giving a tool for 
studying the pathogenesis as well as treatment 
modalities for ONJ [10]. 


Histopathology of ONJ 

The pathology of affected ONJ specimens shows 
bone necrosis with loss of osteocyte nuclei. 
Osteocyte lacunae are empty, and the haversian 
channels reveal necrotic tissue. The jaw bone 
marrow spaces are necrotic, sometimes showing 
signs of active infection with pus, i.e. neutrophils 
and other inflammatory cells (Fig. 14.5). The 
exposed bone surface is commonly covered with 
bacteria and colonies of actinomyces colonies, 
which also may occur in the central bone marrow 
areas. Operation specimens may show varying 


degree of necrosis with some vital bone cells or 
bone marrow at the periphery, indicating a peri- 
osteal reaction [25]. Resection specimens may 
show a considerable periosteal reactive new bone 
formation on the surface of the central necrotic 
bone tissue [25]. 


Principles for Management of ONJ 

All new patients should have a thorough medical 
history taken including basic disease and previ- 
ous and present medication. Emphasis should be 
put on dose, type, and method of administration 
and duration of bisphosphonate and/or deno- 
sumab therapy. Also, for cancer patients, the 
medical history should include specific chemo- 
therapeutic drugs like tyrosine kinase inhibitors 
(e.g., bevacizumab) known to contribute to 
ONJ. A dental history should include recent den- 
tal treatments especially tooth extractions. 

Clinical oral examination should include the 
presence or absence of extraoral or intraoral fis- 
tulas and swollen submandibular lymph nodes 
and loss of sensation of the lower lips. Intraoral 



Fig. 14.5 (a) Sequester removed from osteonecrosis with bacteria on the surface. The osteocyte lacunae are 

lesion of the jaw. Notice bacteria on the surface to the left. empty and in the marrow space inflammatory cells and 

The bone marrow is replaced with inflammatory cells, erythrocytes are seen (Photos courtesy of Dr. Jesper 

necrotic tissue, and bacteria, (b) High power of histology Reibel, Department of Odontology, University of 

of sequester removed from the jaws showing dead bone Copenhagen, Denmark) 
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examination should include a dental examination 
as well as check of oral mucosa for fistulas, 
swellings, redness, abscesses, and exposed bone. 
The location and extension of exposed bone 
should be recorded. 

Pain from the oral cavity should be assessed 
by VAS scale. 

Based on the medical history, clinical and 
imaging examination and diagnosis (ONJ) should 
be made. 

The stage of ONJ should be assessed. Hereafter, 
a treatment plan and decision should be reached. 

When a treatment plan for ONJ is done, the 
patient’s endocrinologist or oncologist should be 
consulted and informed. There should be a close 
and continuous collaboration between the den- 
tist/oral maxillofacial surgeon on one side and 
the medical health-care provider (endocrinolo- 
gist/oncologist/physician) on the other side. 
Matters of drug holiday should also be discussed 
between the parties (see later). 


Treatment of ONJ 

The consensus papers [5-9, 26] have set up rec- 
ommendations for treatment. Basically, stage 1, 
the asymptomatic stage, is treated conservatively 
with chlorhexidine rinsing and is observed. Stage 
2 (the stage with symptoms/infection) is often 
treated with antibiotics, superficial sequestrec- 
tomy, or more radical sequestrectomy, whereas 
stage 3 (advanced symptomatic stage) may need 
antibiotic and surgical treatment. At the start of 
the epidemic, the trend was rather conservative, 
but in recent years, many centers have discovered 
the advantage of more aggressive surgical treat- 
ment [27-30]. 

Thus, today, if a patient with stage 1 ONJ is 
bothered by the rough surface of the exposed 
bone and wants to be operated, we offer surgery, 
and they usually heal and the patient get cured 
[30]. However, most stage 1 ONJ patients are 
treated conservatively. Stage 2 patients are always 
offered antibiotic treatment and local sequestrec- 
tomy with block resection into clinical healthy 
bone. In stage 3, the surgical treatment may either 


be block resection or a continuity resection. 
However, some stage 3 patients are so weak from 
their general disease (cancer metastases or osteo- 
porosis) that they cannot comply with a bigger 
operation. These patients are offered conserva- 
tive treatment with tight control, antibiotics, and 
palliative treatment. In a study on 50 consecutive 
ONJ patients by Schiodt et al. (2013) [30], the 
severity of ONJ stages 1-3 preoperatively (stage 
1, 26 %; stage 2, 54 %; stage 3 20 %) was reduced 
to a postoperative distribution of cured: 88 % 
(stage 1, 6 %; stage 2, 6 %; stage 3, 0 %). Thus, 
surgical treatment was successful in this open 
series, in which two thirds of patients came from 
an oncology setting, while one third came from 
an osteoporosis setting. There was at the same 
time a significant reduction of jaw pain (VAS 
scale) preoperatively to 13 months postopera- 
tively [30]. Several studies have reported promis- 
ing results from surgical treatment [28, 31]. Thus, 
in general, the trend has changed toward more 
surgery with successful outcomes. This trend 
may appear in contrast to several consensus 
papers favoring more conservative approach. The 
consensus papers are by nature more conserva- 
tive as it takes time to establish the scientific 
documentation of surgery. However, the scien- 
tific community lacks randomized controlled 
studies of conservative treatment versus surgical 
treatment. 


C-Terminal Telopeptide Testing 

Serum markers for bone remodeling have been 
suggested, including C-terminal telopeptide 
(CTX) and N-terminal telopeptide, for use for 
predicting the risk of ONJ in association with 
drug holiday [30]. However, CTX has not been 
scientifically validated in this context, and its 
value outside osteoporosis management has been 
questioned by a number of papers. Thus, the 
American Dental Association Council on 
Scientific Affairs’ consensus paper does not rec- 
ommend the use of CTX [9], and we conclude 
that CTX testing does not seem to have a place in 
management of ONJ patients at this time. 


200 


M. Schiodt 


Drug Holiday 
Bisphosphonates 

Discontinuing thebisphosphonate therapy may 
not eliminate risk of developing ONJ. The 
bisphosphonate is build into the bone tissue and 
has many years of elimination time. When ONJ is 
diagnosed, many patients have their bisphospho- 
nate treatment discontinued by their oncologist 
(cancer patients) or by their endocrinologist or 
private physician (osteoporosis). However, dis- 
continuation may have a negative impact on the 
outcomes of the low bone mass treatment [9]. It 
seems that drug holiday is not mandatory to 
obtain successful outcome of surgical treatment 
[9]. The decision of discontinuation of bisphos- 
phonate treatment in a patient diagnosed with 
ONJ should always be a decision between the 
responsible physician and the ONJ-treating oral 
and maxillofacial surgeon, based on evaluation of 
the individual patient. However, there is a scien- 
tific need for more studies to address the impor- 
tance of drug holiday in the management of ONJ. 

Denosumab 

Denosumab has another mechanism of action 
than bisphosphonate and can be eliminated from 
the body much faster than bisphosphonate from 
the bone when discontinued. It can thus be a con- 
sideration to pause denosumab and to postpone a 
surgical treatment of ONJ or larger oral surgical 
procedures some months as bone resorption 
returns to normal or elevated levels less than a 
year after the last injection. Presently (Feb. 2014), 
it is not yet documented what the best recommen- 
dations are. 


Guidelines for the Physician 
and Dentist Prior to Start 
of Antiresorptive Treatment 

All osteoporosis patients who are going to start 
bisphosphonate or denosumab treatment for their 
general condition should be informed about the 


possible risk of development of a complication, 
“dead bone” (ONJ). Although the risk is small 
(<0.1 %), it is a severe jaw disorder carrying a sig- 
nificant morbidity with loss of teeth and mastica- 
tory function when it occurs. The risk can be 
removed or reduced by removing dental infectious 
foci before the start of therapy [5-9]. All patients 
should thus be recommended to see their private 
dentist for the relevant examination and dental 
treatment. The goal is that the patient should not 
have a need for tooth extraction or other dentoal- 
veolar surgery in a long period, when antiresorp- 
tive therapy is started. The patients should establish 
good oral hygiene and have lifelong regular dental 
examinations as the risk of developing ONJ will 
increase with time during the continued antire- 
sorptive treatment (see Chap. 13). 


Guidelines for Dental and Oral 
Surgical Treatment including Tooth 
Extractions during Antiresorptive 
Treatment 

Bisphosphonates 

The risk for developing ONJ after tooth extrac- 
tion in a patient who has been treated with 
bisphosphonate for a period is much higher for 
those treated with high-dose bisphosphonate for 
cancer compared to osteoporosis patients treated 
with common low-dose bisphosphonate, for 
example, alendronate 70 mg tablet per week [32]. 

It is important to be aware that the risk in 
osteoporosis patients of developing ONJ after 
tooth extraction is very low and extractions can 
usually be performed in the primary health-care 
sector. However, the dentist should secure the 
healing of the socket and refer the patient to a 
specialized clinic for ONJ if healing has not 
occurred after 4 weeks [32]. Dental implants are 
among the reported risk factors in the early stud- 
ies. However, it seems that the risk of ONJ is low. 
No cases of ONJ were recorded among 82 
patients with dental implants in osteoporosis 
patients [33]. Thus, dental implants can seem- 
ingly be inserted in these patients under the con- 
dition of individual risk assessment. 
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Denosumab 

It is assumed that similar guidelines may be used 
for patients on denosumab treatment, although 
there is presently no documentation or validation. 
There are yet no systematic data on dental 
implants in patients on denosumab treatment. 


Guidelines for Dental and Oral 
Surgical Treatment including Tooth 
Extractions in Patients Diagnosed 
with ONJ 

The risk of developing a new ONJ lesion is rather 
high when performing tooth extraction, whether 
it is a cancer patient or an osteoporosis patient. It 
is recommended that such patients are referred to 
a specialized clinic where the ONJ is treated. 
Tooth extraction should be done under antibiotic 
cover and as atraumatic as possible and includes 
alveolectomy and primary closure of the oral 
mucosa in order not to leave exposed bone. 
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Summary 

• Osteoporosis is a chronic disease requiring 
chronic treatment. 

• The efficacy and tolerability of available treat- 
ments are well established in studies up to 5 
years. 

• There are rather limited data of their long- 
term effects. 

• The bisphosphonates alendronate, risedronate, 
and zoledronate and the inhibitor of RANKL 
denosumab reduce the risk of all osteoporotic 
fractures, including those of the hip. 

• For these agents, long-term data (>5 years) of 
efficacy and tolerability are available. 

• None of the long-term studies was specifically 
designed to assess antifracture efficacy. 

• In general, these agents have a favorable benefit- 
to-harm profile when given to patients with 
osteoporosis at increased risk of fractures. 

• Knowledge of the mechanism of action, effi- 
cacy, and potential risks of individual treat- 
ments is essential for the long-term care of 
patients with osteoporosis. 
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Introduction 

Fractures, the main clinical consequence of 
osteoporosis, are frequent, their incidence 
increases with age, they are associated with sig- 
nificant morbidity and deterioration of the quality 
of life of affected patients, and they increase the 
risk of new fractures and mortality. The aim, 
therefore, of any intervention in osteoporosis is 
the prevention of fractures in patients who have 
not yet fractured or of the progression of the dis- 
ease in patients who have already sustained a fra- 
gility fracture. The management of the patient 
with osteoporosis consists of general measures, 
non-pharmacological interventions, and pharma- 
cological interventions. Of the general measures, 
the most important is the correction of deficien- 
cies or insufficiencies of vitamin D and calcium. 
Vitamin D supplementation with 800 IU/day and 
adjustment of the daily calcium intake to 1200 mg 
(diet and supplements) should be the first step of 
the management [1]. In most clinical trials of 
antiosteoporotic treatments with fracture end- 
points, patients receive vitamin D and calcium 
supplements, and any effects of pharmacological 
interventions on fracture prevention are above 
those that can be obtained by vitamin D and cal- 
cium alone. A daily intake of protein 1 g/kg body 
weight is also recommended, particularly in 
elderly individuals with a recent hip fracture and 
should also be part of the management strategy [2]. 
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Non-pharmacological interventions aim mainly 
at reducing the frequency or impact of falls, for 
example, with the use of hip protectors in resi- 
dents of nursing homes at high risk for falling. 
Approved pharmacological interventions for the 
prevention of fractures are generally distin- 
guished into inhibitors of bone resorption and 
turnover such as bisphosphonates, denosumab, 
estrogens, and selective estrogen receptor modu- 
lators (SERMs) and stimulators of bone forma- 
tion such as teriparatide (PTH 1-34) and PTH 
1-84; the effect of strontium ranelate, an agent 
approved for the treatment of patients with severe 
osteoporosis in some parts of the world, on bone 
remodeling is unclear. 

Osteoporosis is a chronic disease requiring 
chronic treatment. While the efficacy and tolera- 
bility of available agents are well established, 
there are uncertainties about their long-term 
effects owing to the rather limited data and to the 
specific pharmacology of bisphosphonates. In 
this chapter, I review the evidence of the efficacy 
and tolerability of agents used in the manage- 
ment of osteoporosis for which long-term data 
(>5 years) are available. 


General Considerations 

Methodological Issues 

For the proper interpretation of the results of clin- 
ical studies, certain issues need to be considered 
including the following: 

1. The design of the study: randomized clinical 
trials (RCTs) with blinding of patient and 
investigator being the optimal design. In addi- 
tion, the hypotheses to be tested and the type 
of analyses for the evaluation of efficacy 
should be prespecified. An intention-to-treat 
analysis is very conservative but also the most 
objective and statistically sound. 

2. The documentation of fractures should be 
done in an objective way. Non- vertebral frac- 
tures are easier to document because these are 
associated with complaints that patients pres- 
ent to health-care professionals, and X-rays 


are made. This is not the case with vertebral 
fractures, two thirds of which are asymptom- 
atic. The methods used to define osteoporotic 
fractures can influence the outcome. 

3. The number of patients with fractures rather 
than the number of fractures should be 
counted; counting the latter can inflate the 
result because fractures are interrelated events. 

4. The number of patients lost to follow-up. This 
should be distinguished from dropouts, 
patients who for various reasons have stopped 
taking their medication but continue to be fol- 
lowed in a study. For discrete variables, such 
as fractures, high loss-to-follow-up numbers 
can lead to loss of the original randomization 
reducing the reliability of the results. A well- 
designed and analyzed clinical trial is essential 
for the proper evaluation of the observed out- 
come, and in such trial every participant should 
be accounted for. This is also the reason why 
all major journals have adopted the CONSORT 
Statement in reports of clinical trials [3]. 

There are different ways to express the results 
of intervention studies. Commonly used are the 
relative risk (RR = the risk of having a fracture 
relative to placebo), the relative risk reduction 
(RRR = the proportion of baseline risk removed 
by treatment), and the absolute risk reduction 
( ARR = proportion of patients avoiding a fracture 
by treatment). In 1988, the number needed to 
treat (NNT) was introduced as an alternative 
approach to summarize the effect of treatment 
[4]. It was thought that NNT would be more use- 
ful to clinicians because it refers to patients rather 
than to probabilities. This term has been exten- 
sively used but is very often misused. For proper 
interpretation of NNT, its determinants need to 
be considered. NNT is the number of patients 
needed to take a treatment to avoid a discrete 
event (for osteoporosis, this is the fracture) within 
a given time period. NNT can be simply calcu- 
lated as follows: NNT=100:ARR, where 
ARR = risk in the placebo group — risk in the 
treatment group. NNT is, therefore, a derived 
term that depends both on the risk of fracture in 
the population studied and on the efficacy of the 
intervention. Because of differences in risk of 
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Fig. 15.1 Decrease in absolute risk of new vertebral frac- 
tures in patients treated with risedronate in two different 
clinical trials ( left panel ) and zoledronate in the same 
clinical trial {right panel). (A) VERT-NA; (B) VERT-MN; 
(C) HORIZON, patients with no prevalent vertebral frac- 
tures; (D) HORIZON, patients with >2 prevalent verte- 
bral fractures; RRR relative risk reduction, NNT number 


needed to treat; note the difference in NNT for the same 
compound in two different clinical trials or in one clinical 
trial depending on baseline fracture risk. From: Appelman- 
Dijkstra NM, Papapoulos SE. Prevention of incident frac- 
tures in patients with prevalent fragility fractures: Current 
and future approaches. Best Practice and Research 
Clinical Rheumatology 2013; 27:805-820 


patients included in clinical trials, NNT cannot 
and should not be used to compare efficacy of 
interventions obtained in different clinical trials. 
This is illustrated in Fig. 15.1 for two agents used 
in the treatment of osteoporosis. Finally, the 
number needed to harm (NNH) can also be calcu- 
lated, but, despite its importance, this is rarely 
used in clinical practice. 

The evidence of the antifracture efficacy of 
pharmacological interventions varies among 
approved agents, and for treatment decisions, the 
highest level of available evidence should be 
selected. Properly designed and performed RCTs 
and meta-analyses of RCTs are at the top of the 
hierarchy of evidence. RCTs and meta-analyses 
provide different perspectives. RCTs address a spe- 
cific question in a given population, whereas the 
primary purpose of meta-analysis is to synthesize 
information from prior studies and provide an esti- 
mate of the magnitude of the effect of treatment. 

Benefits and Risks of Treatments 

An evidence-based approach to treatment of the 
individual patient with osteoporosis involves the 


use of the best data available from clinical studies 
combined with clinical judgment and the patient’s 
preferences and values. The final decision, how- 
ever, strongly depends on the balance between 
the benefit and the harm of a given intervention. 
The fact that any medication, even OTC prepara- 
tions such as acetaminophen or NSAIDs, may 
have very serious adverse consequences is fre- 
quently overlooked. The best way to achieve zero 
risk would be never to take a drug, a decision that 
should be weighed against the price of ignoring 
the benefit [5]. The benefit of antiosteoporotic 
treatments is the reduction of the risk of fractures 
at all skeletal sites including the hip which has 
the most devastating clinical consequences. In 
addition, potential extra- skeletal beneficial 
effects should be considered, but this rarely 
occurs in clinical practice. It should be appreci- 
ated that the true risk of any treatment should be 
calculated as a fraction, the numerator of which 
is the number of patients with a given adverse 
effect and the denominator is the total number of 
patients who used the medication over the same 
period of time. Consequently, adverse events are 
classified as common (1-10 %), uncommon 
(0.1-1 %), rare (0.01-0.1 %), and very rare 


206 


S.E. Papapoulos 


(less than 0.01 % or less than 1:10,000). This 
transparent expression of the risk of a treatment 
differs from the fear generated by reports in the 
media of very rare events that may affect the will- 
ingness of patients to take or continue a medica- 
tion but also of physicians to prescribe the 
medication. Such fear has contributed to the 
gradual fall of sales of antiosteoporotic agents, 
particularly bisphosphonates, in recent years [6] 
despite their efficacy and the generally recog- 
nized low uptake of treatments by patients with 
increased risk of fractures [7, 8]. For example, in 
the USA, the use of antiosteoporotic medications 
within one year after a hip fracture fell from 
40.2 % in 2002 to 20.5 % in 201 1 [9]. 

There are several examples of the importance 
of the estimation of the benefits and harms for the 
approval and use of agents for the management of 
osteoporosis. Tibolone, an agent with estrogenic, 
progestogenic, and androgenic effects, has been 
used for many years for the control of meno- 
pausal symptoms and prevention of osteoporosis. 
In an RCT of 4538 women with postmenopausal 
osteoporosis, tibolone reduced the risk of verte- 
bral and non-vertebral fractures by 45 % and 
26 %, respectively, after a median period of 34 
months [10]. In addition, compared with placebo, 
tibolone reduced the rate of invasive breast can- 
cer by 68 % and that of colon cancer by 69 %, 
without an increase in the incidence of thrombo- 
embolism or coronary heart disease. Women who 
received tibolone were more likely to report vagi- 


nal bleeding, endometrial thickness, weight 
increase, and increases in liver enzymes. 
However, because of a significantly increased 
risk of stroke in women treated with tibolone 
compared with those treated with placebo [HR 
2.19 (1.14-4.23)], the study was discontinued. 
This example, illustrates the importance of the 
assessment of the risk-benefit balance for the 
approval of medications for the treatment of 
osteoporosis. The same also applies to already 
approved medications for the treatment of osteo- 
porosis, such as intranasal calcitonin which was 
withdrawn from the market in Europe due to an 
unfavorable risk-benefit profile. 

The risk-benefit balance has also been used to 
better position approved medications in the treat- 
ment of osteoporosis. Hormonal treatment, the 
dominant intervention for prevention and treat- 
ment of osteoporosis in the past, is not any more 
considered first line of therapy based mainly on 
the results of the Women’s Health Initiative study 
[11]. In this study, the beneficial effect of hor- 
monal therapy on fractures, including those of 
the hip, and colon cancer was thought not to 
clearly exceed the risks of treatment (Fig. 15.2). 
Another example is the restriction of the use of 
strontium ranelate, an agent shown to reduce the 
risk of vertebral and non-vertebral fractures in 
women with postmenopausal osteoporosis by 24 
and 15 % after 5 years [12]. In 2014, the 
Committee for Medicinal Products for Human 
Use (CHMP) in Europe recommended that 



Fig. 15.2 Benefits and risks of HRT relative to placebo in 
postmenopausal women aged 50-79 years in the Women’s 
Health Initiative Study. CV cardiovascular events, thrombo 


thromboembolism, BrCa breast cancer, IntCa intestinal 
cancer, VFx vertebral fractures, HipFx hip fractures. Data 
from JAMA 2002;288: 321-333 
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strontium ranelate should only be used to treat 
severe osteoporosis in postmenopausal women 
and men at risk of fractures, for which treatment 
with other medicinal products approved for the 
treatment of osteoporosis is not possible due to, 
for example, contraindication or intolerance. 
Strontium ranelate should further not be used in 
patients with established, current, or past history 
of ischemic heart disease, peripheral arterial dis- 
ease, and/or cerebrovascular disease or uncon- 
trolled hypertension. Decisions should be made 
on the assessment of the individual patient’s risk 
[13]. This recommendation was based on the 
assessment of the risk for myocardial infarction 
and venous, thrombotic, and embolic events in 
postmenopausal women with osteoporosis 
treated with this agent. 

There are currently four agents that have been 
shown to reduce the risk of all osteoporotic frac- 
tures with variable efficacy; the bisphosphonates 
alendronate, risedronate, and zoledronate and the 
RANKL inhibitor denosumab. All these are 
inhibitors of bone resorption and turnover. 
Long-term studies are available for these agents 
and help to better formulate therapeutic deci- 
sions. In the absence of head-to-head studies with 
fracture endpoints, these data together with the 
safety profiles of these agents should be consid- 
ered in tailoring therapeutic choices to individu- 
als at risk. Long-term data are also available for 
other agents [14, 15], but due to either restric- 
tions in their use (Strontium Ranelate) or lack of 
efficacy in reducing the risk of non- vertebral and 
hip fractures (SERMs), these as well as PTH pep- 
tides, the use of which is restricted to 18-24 
months, will not be further discussed. 

Rationale for the Use of Inhibitors 
of Bone Turnover 

The definition of osteoporosis, as formulated 
more than 20 years ago, recognized that low 
bone mass is not the only determinant of bone 
fragility and that the strength of the skeleton 
depends also on other properties of the bone tis- 
sue, collectively termed bone quality. As with 
other materials, the structure and material com- 


position of bone together with its mass will 
determine its ability to resist structural failure. 
Bone is, however, different from other materials 
due to its ability to be continuously renewed 
throughout life by the process of bone remodel- 
ing. The generally higher rates of bone remodel- 
ing in osteoporosis combined with the negative 
balance between bone formation and bone 
resorption at the basic multicellular unit (BMU) 
lead to loss of bone mass, an increased number 
and depth of resorption cavities, perforation of 
trabecular plates, and loss of trabecular elements 
of cancellous bone and thinning and porosity of 
cortical bone [16-19]. They also reduce the 
degree of mineralization and of the amount of 
collagen of the bone matrix and may also impair 
the maturation and cross-linking of collagen 
fibers [19]. Thus, mass, structure, and material 
composition of bone can all be affected in 
patients with osteoporosis compromising bone 
strength and increasing bone fragility. Currently 
available inhibitors of bone turnover reduce the 
rate of bone resorption to different degrees 
depending on the potency and mechanism of 
action of the different classes of agents. The 
decrease of bone resorption is invariably fol- 
lowed by a decrease in the rate of bone forma- 
tion leading to an overall lower rate of bone 
turnover. These actions have beneficial effects 
on bone strength by reducing the remodeling 
space, maintaining or sometimes improving tra- 
becular or cortical architecture, correcting the 
hypomineralization of bone tissue, and increas- 
ing bone mineral density. The clinically relevant 
outcome is the reduction in the risk of fractures. 


Bisphosphonates 
The Benefit 

Bisphosphonates reduce the rate of bone resorp- 
tion and turnover leading after 3-6 months to a 
new steady state of lower rate of bone turnover 
that is maintained for at least 10 years of continu- 
ous treatment [20]. This response illustrates, in 
addition, that the accumulation of bisphosphonate 
in the skeleton is not associated with cumulative 


208 


S.E. Papapoulos 


effects on bone remodeling. The importance of 
the reduction of bone resorption and turnover for 
the antifracture efficacy of bisphosphonates has 
been suggested by meta-analysis of results of 
clinical trial [21] and was demonstrated for alen- 
dronate by analysis of individual patient data 
from the Fracture Intervention Trial (FIT) [22]. 
Bisphosphonates have also been suggested to 
prolong the life span of osteocytes by reducing 
their rate of apoptosis by a mechanism different 
from that of their action in osteoclasts [23]. 

Antifracture Efficacy of Oral 
Bisphosphonates 

Vertebral fractures, the most representative osteo- 
porotic fractures, are a key outcome in studies of 
antiosteoporotic treatments. They are less influ- 
enced by extrinsic factors (e.g., falls), they increase 
the risk of new clinical fractures, and they result in 
more frequent hospitalizations and are associated 
with increased mortality. The efficacy of alendro- 
nate in reducing the risk of vertebral fractures was 
examined in the FIT study. In the vertebral fracture 
arm of this trial (FIT1), postmenopausal women 
with femoral BMD T- score <-1.6 and at least one 
prevalent vertebral fracture were assigned to pla- 
cebo (/? =1005) or alendronate (ft =1022) for 3 
years [24]. The clinical fracture arm (FIT2) 
included women with femoral neck BMD 
T-score<-1.6 but without vertebral fractures at 
baseline of whom 2218 received placebo and 2214 
received alendronate for 4 years [25]. The dose of 
alendronate was initially 5 mg/day and was 
increased to 10 mg/day after 2 years because other 
studies suggested that this dose had greater effects 
than 5 mg on BMD and bone markers with similar 
tolerability. Spine radiographs were obtained after 
2 and 3 years in FIT 1 and after 4 years in FIT2. 
Alendronate reduced the incidence of new verte- 
bral fractures by 47 % and 44 % in FIT1 and FIT2, 
respectively. 

The VERT study was the pivotal trial that 
examined the efficacy of risedronate in reducing 
the risk of vertebral fractures. In VERT North 
America (NA), women with two or more preva- 
lent vertebral fractures or one prevalent vertebral 
fracture and low lumbar spine BMD were 
assigned to placebo (ft = 820) or risedronate 5 mg/ 


day (ft = 821); in a third group that received rise- 
dronate 2.5 mg/day, treatment was discontinued 
after the first year because data from other trials 
indicated that this dose was less effective than the 
5 mg/day dose [26]. Spine radiographs were 
obtained after 1, 2, and 3 years. Compared with 
placebo, risedronate reduced the incidence of 
vertebral fractures by 41 % after 3 years. VERT 
International (VERT-MN) included women at 
higher risk (2 or more prevalent vertebral frac- 
tures) who were assigned to placebo (ft =407) or 
risedronate 5 mg/day (ft = 407); a third group that 
received risedronate 2.5 mg/day was discontin- 
ued after 2 years [27]. In this study, risedronate 
reduced the risk of vertebral fractures by 49 % 
after 3 years. 

The consistency of the efficacy of alendronate 
and risedronate in reducing the risk of vertebral 
fractures has been demonstrated by meta- 
analyses of RCTs [28, 29]. 

The impact of clinical fractures on morbidity, 
hospitalization, mortality, and health-care costs is 
immediately obvious. Furthermore, the time of 
occurrence is easily determined as all these frac- 
tures require medical attention and radiographs 
are made. A treatment effect on the risk of non- 
vertebral fractures is, however, more difficult to 
demonstrate, and in no study of oral bisphospho- 
nates was the incidence of non- vertebral fractures 
a primary efficacy point. Clinical fractures, that 
included non- vertebral and vertebral fractures, 
were a primary efficacy outcome in FIT2. A large 
study with risedronate (HIP) was the only one to 
assess the efficacy of an oral bisphosphonate on 
the risk of hip fractures as primary endpoint of 
the trial [30]. It should be noted that non- vertebral 
fractures are strongly influenced by extra- skeletal 
factors, such as trauma, and their definition in 
clinical trials varies among studied agents which 
may influence the outcome. 

Alendronate reduced the risk of non- vertebral 
fractures by 20 % and 12 % in FIT1 and FIT2, 
respectively, both nonsignificant risk reductions. 
However, in FIT1, alendronate reduced signifi- 
cantly the risk of hip fractures by 5 1 % and those 
of the wrist by 48 %, and in post hoc analysis of 
FIT2, it decreased the risk of any clinical fracture 
by 34 % and of hip fractures by 56 % in women 
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with osteoporosis (T-score<-2.5). In a pre- 
planned pooled analysis of women with osteopo- 
rosis (prevalent vertebral fracture or BMD 
T-score<-2.5) of the combined FIT cohorts, 
alendronate reduced significantly the incidence 
of non- vertebral fractures by 27 %, of non- 
vertebral osteoporotic fractures by 36 %, and of 
hip fractures by 53 % [31]. 

In the VERT-NA study, risedronate 5 mg/day 
reduced significantly the cumulative incidence of 
non- vertebral osteoporotic fractures by 39 % and 
in the VERT-MN by 33 %, a nonsignificant reduc- 
tion. The HIP study was designed to assess the 
efficacy of risedronate on the risk of hip fractures 
and included 9331 patients, 5445 women 70-79 
years old with osteoporosis (femoral neck BMD 
T-score<-4.0 or <-3.0 plus a nonskeletal risk 
factor for hip fracture, e.g., poor gait or propensity 
to fall) and 3886 women >80 years old with at 
least one nonskeletal risk factor for hip fracture or 
low BMD; the latter group comprised only 16 % 
of this cohort [30]. The women were randomly 
assigned to receive treatment with risedronate 2.5 
or 5.0 mg/day or placebo for 3 years. In this study, 
the combined effect of the two risedronate doses 
was estimated. Compared with placebo, risedro- 
nate reduced significantly the incidence of non- 
vertebral fractures by 20 % due to the effect of the 
bisphosphonate in the women selected on the 
basis of osteoporosis. In a post hoc analysis of 
women with osteoporosis who had, in addition, 
prevalent vertebral fractures, the risk of non- ver- 
tebral osteoporotic fractures was significantly 
reduced by 30 %. In the whole population of the 
study, risedronate decreased significantly the inci- 
dence of hip fractures by 30 %, 40 % in the 
women with osteoporosis (p = 0.009), and 20 % in 
the older women with risk factors (p = 0.35). 

Post hoc analyses, pooled analyses, and meta- 
analyses of the incidence of non-vertebral and 
hip fractures during treatment with alendronate 
and risedronate have been performed [32-37]. 
Overall, results confirmed the significant effect 
of these two bisphosphonates in reducing the risk 
of non-vertebral and hip fractures. For example, 
a meta-analysis of the Cochrane Collaboration of 
the efficacy of alendronate and risedronate to 
reduce the incidence of non-vertebral and hip 


fractures in women with osteoporosis reported 
significant reductions of 23 % (RR 0.77; 95 % Cl 
0.74-0.94) and 53 % (0.47; 95 % Cl 0.46-0.85), 
respectively, for alendronate and 20 % (RR 0.80; 
95 % Cl 0.72-0.90) and 26 % (0.74; 95 % Cl 
0.59-0.94), respectively, for risedronate. 

Daily administration of bisphosphonates, 
though highly efficacious, is inconvenient because 
of strict dosing instructions and may also be asso- 
ciated with gastrointestinal adverse effects. These 
reduce adherence to treatment and can diminish 
the therapeutic potential of bisphosphonates [38]. 
To overcome these problems, more convenient 
once- weekly formulations, the sum of seven daily 
doses, have been developed for alendronate and 
risedronate and shown to be pharmacologically 
equivalent to daily formulations and to signifi- 
cantly improve patient adherence to treatment 
[39—42]. For risedronate, other preparations are 
also available; a once-monthly preparation of 
150 mg (or 75 mg given on two consecutive days 
once a month) and a 35 mg once- weekly prepara- 
tion that can be taken after breakfast [43-45]. 

Antifracture Efficacy of Intravenous 
Zoledronate 

The efficacy of zoledronate in reducing the inci- 
dence of osteoporotic fractures was examined in 
the HORIZON-PFT trial [46]. Postmenopausal 
women with osteoporosis (femoral neck BMD 
T-score<-2.5 with or without prevalent verte- 
bral fractures or T-score<-1.5 with at least one 
moderate or two mild vertebral fractures) were 
randomized to receive a single 15 -min infusion 
of zoledronate 5 mg (ft = 3889) or placebo 
(ft = 3876) at baseline, at 12 months, and at 24 
months. New vertebral fractures (in patients not 
taking concomitant osteoporotic medications) 
and hip fractures (in all patients) were primary 
endpoints, while non-vertebral fractures were a 
secondary efficacy endpoint. Spine radiographs 
were taken annually. Compared with placebo, 
zoledronate reduced the incidence of vertebral 
fractures by 70 % and that of hip fractures by 
41 % after 3 years. The risk of non-vertebral frac- 
tures was also significantly reduced by 25 %. 

In the HORIZON-RFT [47], men and women 
with a hip fracture were randomized to receive 
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yearly intravenous zoledronate 5 mg (n=1065) 
or placebo (n= 1062) within 90 days after surgi- 
cal repair of the fracture. Patients received also a 
loading dose of vitamin D (50,000-125,000 IU) 
14 days before the first infusion of the bisphos- 
phonate if serum 25-OHD was <15 ng/ml or if 
the level was not available. Thereafter, they 
received vitamin D 800-1200 IU/day and cal- 
cium 1000-1500 mg/day. After a median follow- 
up of 1.9 years, zoledronate decreased the risk of 
any clinical fracture by 35 % (HR 0.65; 95 % Cl 
0.50-0.84), of vertebral fractures by 46 % (HR 
0.54; 0.32-0.92), of non-vertebral fractures by 

27 % (HR 0.73; 95 % Cl 0.55-0.98), and of hip 
fractures by 30 % (HR 0.70; 0.41-1.19). This is a 
unique study because patients were not selected 
by the level of BMD or the presence/absence of 
vertebral fractures; only 41 % of patients had a 
BMD T-score<-2.5 and 35.3 % had osteopenia, 
while in 11.4 % BMD was normal and in 12.1 % 
of patients BMD data were not available. The 
results of this prospective study demonstrated 
that not only patients with prevalent vertebral 
fractures but also patients with hip fractures 
should receive treatment independently of the 
level of BMD. 

Extra-skeletal Effects 
of Bisphosphonates 

Extra- skeletal effects of bisphosphonates include 
improvement of aspects of the quality of life, 
reduction of the incidence of certain cancers, 
and, more importantly, reduction of the risk of 
dying. These benefits of bisphosphonate treat- 
ment are rarely considered in the choice of a 
treatment in clinical practice. Alendronate was 
shown in the FIT trial to reduce the number of 
days of bed disability and days of limited activity 
caused by back pain [48]. Similarly, in the 
HORIZON-PFT trial, zoledronate reduced sig- 
nificantly the number of days that patients 
reported back pain and limited activity and bed 
rest due to a fracture [49]. In the HORIZON-RTF 
trial, compared with placebo, zoledronate 
decreased significantly all-cause mortality by 

28 %. This is a remarkable result, the underlying 
mechanism of which is unclear at present, but it 
was not related to the reduction in the incidence 


of fractures. It appears that the efficacy of 
bisphosphonates in reducing mortality is not 
restricted to zoledronate. Reduction of mortality 
has also been reported in different cohorts, but 
not in RCTs, of patients treated with other 
bisphosphonates [50-52]. In addition, reduction 
of the incidence of colon cancer and mortality 
rate, once colon cancer is diagnosed, was reported 
in alendronate-treated patients [53]. The occur- 
rence of heart failure was investigated in a cohort 
study of 102,342 bisphosphonate users compared 
with 307,026 age- and gender-matched controls 
from the general population [54]. Alendronate 
users in this cohort showed a dose-dependent, 
significant reduction in the risk of heart failure. 
Moreover, in a post hoc analysis of a prospective 
cohort study of 19281 patients with rheumatoid 
arthritis in the USA, the adjusted risk of myocar- 
dial infarction was 0.72 (0.54-0.96, p = 0.02) in 
bisphosphonate users compared with nonusers 
[55]. A reduction in the risk of myocardial 
infarction and strokes was also reported in 
patients with fractures treated with bisphospho- 
nates [56, 57]. 

Long-Term Effects on Bone Fragility 

Skeletal fragility on long-term bisphosphonate 
therapy has been examined in extensions of four 
clinical trials (VERT-MN with risedronate, Phase 
III and FIT with alendronate, and HORIZON 
with zoledronate) (Fig. 15.3). None of these 
extension studies were specifically designed to 
assess antifracture efficacy, but rather safety and 
efficacy on surrogate endpoints as well as consis- 
tency of the effect of bisphosphonates over lon- 
ger periods were evaluated. Fractures were, 
however, collected in all studies (Table 15.1). 

The first study consisted of two 2-year exten- 
sions of the VERT-MN trial [58, 59]. During the 
first 5 years of the study, two groups of osteopo- 
rotic women received either placebo or risedro- 
nate 5 mg/day, while in the following 2 years, all 
patients received active treatment. The annual- 
ized incidence of new vertebral fractures during 
years 6 and 7 was similar in patients who received 
placebo previously and those who received 
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Fig. 15.3 Schematic presentation of the design of long-term controlled studies of bisphosphonates in osteoporosis. 
ALN alendronate, RIS risedronate, ZOL zoledronate, PBO placebo 


Table 15.1 Incidence of fractures in long-term studies of bisphosphonates 


Study 

Patients (nr) 

Treatment 

Years BP 

VFx 

NVFx (%) 

HFx (%) 

Phase III 

286 

ALN 10 mg/day 

10 

6.6% 

8.1 a 

n.a. 



ALN 

5 

5.0% 

12 a 

n.a. 

FLEX 

1099 

ALN 

10 

2 % b 

19 

3 



ALN/PBO 

5 

5 % b 

20 

3 

VERT-NA 

136 

RIS 

7 

3.8 %/year 

6 C 

n.a. 



PBO/RIS 

2 

3.8 %/year 

7.4 C 

n.a. 

HORIZON 

1283 

ZOL 

6 

3.0 % d 

8.2 

1.3 



ZOL/PBO 

3 

6.2 % d 

7.6 

1.4 


a Years 8-10 

b Clinical vertebral fractures 
c Years 6-7 

d Morphometric vertebral fractures 

BP bisphosphonate, VFx vertebral fractures, NVFx non-vertebral fractures, HFx hip fractures 


risedronate continuously (3.8 %/year); the inci- 
dence of vertebral fractures in the risedronate 
group was similar to that observed in years 0-3 
(4.7 %/year) and years 4-5 (5.2 %/year). 
Moreover, the percentage of women with non- 
vertebral fractures was not significantly different 
between the two groups during years 6-7 (7.4 vs. 
6.0 %). These results indicate consistency of the 
effect of risedronate on the incidence of fractures 
with time. Apart from the lack of a placebo group 
during the whole observation period, an addi- 
tional limitation of this, as well as of other exten- 
sion studies, is the substantial decrease in the 


number of participants with time. For example, 
814 patients were initially randomized of whom 
473 completed the first 3 years; of these, 260 
entered the first extension (4-5 years), 164 the 
second extension (6-7 years), and 136 completed 
the study. While loss of patients in such extension 
studies is expected by the length of the study and 
the aging of the participants, results should be 
interpreted with caution. 

The second study was an extension of the 
Phase III clinical trial originally reported by 
Liberman et al. with alendronate [20]. Patients 
received alendronate either 5 or 10 mg/day 
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continuously for 10 years or 20 mg/day for 2 
years, followed by 5 mg/day for 3 years (provid- 
ing a total dose equivalent to 10 mg/day for 5 
years). The rate of non- vertebral fractures in the 
pooled alendronate group during years 0-3 was 
8.5 %; during years 6-10, this was 11.5 % in 
patients on 5 mg/day and 8.1 % in those on 10 
mg/day, similar, thus, to the initial rates and 
lower than the estimated rates of the original pla- 
cebo group adjusted for the effect of aging on the 
risk. In this study, 247 women of 482 originally 
assigned to alendronate treatment participated in 
all three extensions. These results supported the 
consistency of the long-term effect of alendro- 
nate on bone fragility. 

In the extension of the FIT trial (FLEX), 1099 
patients who participated in the FIT and received 
on average alendronate for 5 years were random- 
ized to placebo, alendronate 5 mg/day, or alendro- 
nate 10 mg/day and were followed for another 5 
years [60]. At the end of the 10-year observation 
period, the incidence of non-vertebral and hip 
fractures in the ALN/PBO group was similar to 
that in the ALN/ALN groups (20 % vs. 19 % and 
3 % vs. 3 %, respectively), but the incidence of 
clinical vertebral fractures was significantly 
reduced in the ALN/ALN groups compared with 
the ALN/PBO group (2 % vs. 5 %). A post hoc 
analysis of the FLEX study reported a significant 
relationship between BMD values at the start of 
the 5 -year extension and incidence of non- 
vertebral fractures at the end of the study in women 
with no prevalent vertebral fractures [61]. 
Compared with placebo, patients on alendronate 
who entered the extension with BMD 
T-score<-2.5 showed a significant 50 % decrease 
in the incidence of non-vertebral fractures (RH 
0.50; 95 % Cl 0.26-0.96), while those who entered 
the extension with BMD T- score >2.0 showed a 
41 % nonsignificant increase. Except BMD and 
age, no other clinical or biochemical characteristic 
could identify patients who would benefit from 
continuation of treatment with alendronate beyond 
5 years [62]. In a further analysis, Black et al. 
reported that patients with vertebral fractures and 
femoral neck BMD <-2.0 at discontinuation had a 
lower incidence of clinical vertebral fracture if 
they continued treatment for another 5 years [63]. 


The last long-term study was a 3 -year exten- 
sion of the HORIZON-PFT [64]. In this clinical 
trial, 1233 women who received zoledronate dur- 
ing the first 3 years of the study were randomized 
to continue yearly infusions of zoledronate or 
placebo for another 3 years. Compared with 
women who received 3 years of treatment fol- 
lowed by placebo, those who were treated for 6 
years had a significantly lower incident of new 
morphometric vertebral fractures (OR 0.51; 95 % 
Cl 0.26-0.95). There were no significant differ- 
ences in the incidence of hip or all clinical frac- 
tures between the two groups [HR 0.9 (0.33-2.49) 
and 1.04 (0.71-1.54), respectively]. In a post hoc 
analysis, Cosman et al. [65] showed that predic- 
tors of fracture in the discontinuation group were 
an osteoporotic hip BMD at the start of the exten- 
sion and the presence of incident morphometric 
vertebral fractures during the initial treatment 
period. On the other hand, women with total hip 
BMD >-2.5, no recent incident fractures, and no 
more than one risk factor for fractures have a low 
risk for a subsequent fracture if treatment was 
discontinued. These results are generally similar 
to those obtained with long-term alendronate 
treatment. 

Taken together, the findings of the long-term 
extension studies of bisphosphonates are reassur- 
ing and indicate that prolonged exposure of bone 
tissue to bisphosphonate maintains the effect of 
treatment and is not associated with adverse effects 
on bone fragility. Whether continuation of treat- 
ment offers additional antifracture benefit is not 
entirely clear, but, within the limitations of the 
studies, the data strongly suggest that patients with 
increased fracture risk can benefit from continua- 
tion of treatment for up to 6 or 10 years with zole- 
dronate and alendronate, respectively. For clinical 
decisions, analysis of changes of surrogate end- 
points such as BMD and biochemical markers of 
bone turnover can be of additional value. 

Resolution of the Effect of Treatment 

Bisphosphonates have the unique properties to 
be selectively taken up by bone, preferentially 
at sites of increased bone remodeling, to be 
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embedded in bone for long after completing their 
action on the surface, and to be slowly released 
from bone. The capacity of the skeleton to retain 
bisphosphonate, which is biologically inert, is 
large, and saturation of binding sites in bone with 
the doses used in the treatment of osteoporosis is 
unlikely even if these are given for a very long 
time [66]. These characteristics differentiate the 
pharmacodynamics of bisphosphonates from 
those of all other agents used in the treatment ofos- 
teoporosis and play an important role in the inter- 
pretation of their long-term results on bone tissue 
and their implementation in clinical practice. 

Pharmacodynamic responses following cessa- 
tion of bisphosphonate therapy given for preven- 
tion of bone loss were adequately investigated in 
the Early Postmenopausal Intervention Cohort 
(EPIC) study [67, 68]. Early postmenopausal 
women were given alendronate for 2, 4, or 6 
years, or placebo, and were followed for 6 years. 
Cessation of treatment after 2 or 4 years was asso- 
ciated with progressive increases in biochemical 
markers of bone resorption toward the levels of 
women treated with placebo, and BMD decreased 
at a rate similar to that of placebo-treated women. 
There was, thus, no rapid increase in the rate of 
bone resorption and no “catch-up” bone loss as 
observed in a parallel group that received hor- 
mone replacement therapy for 4 years. 

Bagger and colleagues analyzed the results of 
studies of 203 women given different daily doses 
of alendronate or placebo for varying periods for 
the prevention of postmenopausal bone loss and 
were followed for up to 9 years [69]. Seven years 
after withdrawal of treatment, women who 
received alendronate (2.5-10 mg/day) for 2 years 
had a 3.8 % higher BMD than those who received 
placebo. The residual effect was proportionally 
larger in women who received treatment for 4 or 
6 years (5.9 % and 8.6 %, respectively), but the 
largest residual effect was observed in women 
who received alendronate 20 mg/day for 2 years 
(9.7 %). Similar to the EPIC study, bone turnover 
markers tended to revert back to placebo levels, 
and the rate of bone loss following cessation of 
alendronate treatment was comparable to the 
bone loss observed in the placebo group. This 
study provides information additional to that 


obtained in EPIC. It shows that alendronate has a 
residual effect on bone metabolism that is pro- 
portional to the length of treatment with doses 
between 2.5 and 10 mg/day. The highest residual 
effect was obtained with the dose of 20 mg/day, 
although this was given for only 2 years, corre- 
sponding to 4 years of treatment with 10 mg/day 
or 8 years of treatment with 5 mg/day. 

About 20 years ago, in exploratory studies of 
women and men with osteoporosis treated with 
daily oral pamidronate for 6.5 years, we reported 
that cessation of treatment was not associated 
with decreases of bone mineral density of the 
spine and the femoral neck and that the rate of 
vertebral fractures remained stable during 2 years 
of follow-up without bisphosphonate [70]. We 
hypothesized that resumption of bone remodel- 
ing after stopping treatment led to release of 
bisphosphonate previously embedded in bone. 
The concentration of the released bisphosphonate 
was probably sufficient to correct the imbalance 
between bone resorption and bone formation and 
to protect skeletal integrity, but insufficient to 
maintain the decrease of bone resorption to the 
same level and to further increase BMD. In a 
later study, we showed that pamidronate can be 
released in the circulation of humans for at least 
8.0 years after stopping treatment [71]. The long- 
term responses of women with osteoporosis 
treated with other nitrogen-containing bisphos- 
phonates are in agreement with these early obser- 
vations. For example, cessation of alendronate 
after 5 years of treatment was followed by mod- 
est increases in biochemical markers of bone 
turnover to levels lower than those before any 
treatment was given [20]. The lack of a control 
group receiving placebo during the whole period 
of observation precludes any conclusions about 
the precise magnitude of this response. Spine 
BMD remained stable during 5 years off treat- 
ment, while it increased further on continuing treat- 
ment. Importantly, BMD of hip sites showed some 
decrease, but not back to baseline. In the FLEX 
study, patients who received placebo after 5 years 
of alendronate therapy showed a gradual increase 
in biochemical markers of bone resorption that 
remained within premenopausal values during the 
following 5 years without bisphosphonate [60]. 
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Changes in BMD were similar to those in the 
extension of the Phase III study, with the excep- 
tion of total hip BMD, which reached pretreat- 
ment values after 5 years off treatment. McNabb 
et al. performed a detailed analysis of the BMD 
changes of patients who received placebo follow- 
ing alendronate in the FLEX and found that in 
these untreated elderly women with osteoporosis, 
total hip and femoral neck BMD decreased by 
only 3.6 % and 1.7 %, respectively, after 5 years 
[62]. However, in 29 % of the women, total hip 
BMD decreased by more than 5 % after 5 years. 
In an attempt to identify prognostic markers for 
this BMD loss, the authors examined a number of 
risk factors for bone loss and fractures including 
bone turnover markers but failed to identify 
women at risk of higher rates of bone loss. They 
concluded that risk factors are currently of limited 
utility for predicting bone loss following discon- 
tinuation of alendronate treatment after 5 years of 
continuous administration of the bisphosphonate. 

Resolution of the effect of long-term risedro- 
nate treatment on biochemical bone markers and 
BMD was examined in 61 patients with post- 
menopausal osteoporosis who participated in the 
three extension studies of the VERT-NA [72]. In 
patients who received PBO/RIS or RIS/RIS, the 
bone resorption marker NTx/Cr increased to the 
same extent by about 20 % after one year remain- 
ing clearly below baseline values. The resolution 
of the effect of risedronate was not different 
between the two groups with different exposures 
to therapy (2 vs. 7 years). This finding may be 
related to the lower affinity of risedronate for 
bone mineral. These changes were associated 
with decreases in total hip BMD, but lumbar 
spine and femoral neck BMD were maintained or 
increased off treatment. Results of bone markers 
and BMD longer than 1 year after treatment 
arrest of risedronate are not available. 

In the extension of the HORIZON study, lev- 
els of markers of bone turnover changed slightly; 
serum CTX was 0.16 ng/ml in the ZOL/ZOL 
group and 0.18 ng/ml in the ZOL/PBO group 
(p = 0.45), and serum P1NP was 28.6 ng/ml and 
25.8 ng/ml (p = 0.0001), after 6 years, respec- 
tively [64]. Compared with the ZOL/ZOL group, 
BMD of the total hip and the femoral neck 
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Fig. 15.4 Bone mineral density (BMD) changes after 6 
years treatment with yearly infusions of zoledronate 5 mg 
(Z6) or 3 years treatment with zoledronate followed by 3 
years with placebo (Z3P3); FN femoral neck, TH total 
hip, LS lumbar spine; ns nonsignificant, 7?<0.05. Data 
from Journal of Bone and Mineral Research 2012; 27: 
243-54 

decreased significantly in the ZOL/PBO group 
after 3 years but did not reach pretreatment val- 
ues (Fig. 15.4). 

The combined observations of the long-term 
studies of bisphosphonates allow some treatment 
recommendations based on the risk of fracture of 
the individual patient. In patients with low frac- 
ture risk, zoledronate or alendronate treatment 
may be stopped after 3 or 5 years, respectively; 
such approach can also have economic implica- 
tions. Patients should be followed regularly, but 
reported data do not allow a precise definition of 
the length of follow-up intervals, and decisions 
should be based on clinical judgment; yearly 
clinical assessments with measurements of BMD 
and markers of bone turnover can be recom- 
mended. In patients at high risk of fracture, treat- 
ment should be continued beyond 3 and 5 years 
for zoledronate and alendronate, respectively, as 
this may offer additional therapeutic benefits. 
Alendronate treatment may be continued at a 
dose of 70 mg every 2 weeks as in the FLEX 
study 5 mg/day was sufficient to fully maintain 
the responses of biochemical markers of bone 
turnover and BMD. This suggestion is based, 
however, on theoretical considerations as no data 
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supporting a similar efficacy of 5 mg/day and 
70 mg every 2 weeks are available. Decisions 
about long-term therapy should not only be based 
on these efficacy data but also on potential harm 
associated with prolonged administration of 
bisphosphonates. 

The Risk 

Considering the different molecules, doses, 
routes of administration, and multiple indications 
for their use, bisphosphonates are generally safe 
compounds (reviewed in [73, 74]). 

General Toxicity 

Short-term adverse effects of bisphosphonate 
treatment are discussed in detail in Chap. 20. In 
brief, these include upper GI side effects with 
nitrogen-containing bisphosphonates that occur 
more frequently with daily oral dosing; ulcerative 
esophagitis that occurs rarely and is usually asso- 
ciated with improper use of the bisphosphonates; 
acute phase response , mainly with intravenous 
nitrogen-containing bisphosphonates after the first 
treatment; ophthalmic reactions (e.g., conjunctivi- 
tis, uveitis, scleritis, and keratitis) that occur infre- 
quently and are usually attributed to the acute 
phase response; renal toxicity associated mainly 
with intravenous administration of bisphospho- 
nate to patients with impaired renal function [75]; 
hypocalcemia especially in patients with increased 
rates of bone turnover, concurrent vitamin defi- 
ciency, and/or impairment of renal function treated 
with intravenous bisphosphonate; defective miner- 
alization of bone tissue, an earlier concern of treat- 
ment with etidronate, has not been observed with 
nitrogen-containing bisphosphonates . 

The abovementioned adverse events were 
identified and thoroughly investigated because of 
the known pharmacology and targets of bisphos- 
phonate action and metabolism. During the 
course of clinical trials and long-term pharmaco- 
vigilance, however, unexpected adverse effects 
potentially associated with bisphosphonate use 
were identified and extensively studied. These 
are atrial fibrillation (discussed in Chap. 20), 
osteonecrosis of the jaw (ONJ), and atypical fem- 
oral fractures (AFF). 


Osteonecrosis of the Jaw 

In 2003, a report brought attention to an unex- 
pected and previously unrecognized potential 
adverse effect of bisphosphonate treatment in the 
jaws of patients suffering mainly from malignant 
diseases [76]. This was initially termed “avascu- 
lar necrosis of the jaws” and later “osteonecrosis 
of the jaws” (ONJ) [77] in analogy with the con- 
dition osteoradionecrosis of the jaw resulting 
from radiotherapy of patients with head and neck 
cancers. The original publications were followed 
by a large number of case reports and case series 
describing an association between bisphospho- 
nate treatment and ONJ (discussed in detail in 
Chaps. 12-14). A causal relationship between 
bisphosphonate treatment and ONJ has not been 
established [78-81], there is no generally 
accepted pathogenetic mechanism of ONJ in 
bisphosphonate-treated patients, and an appropri- 
ate animal model of ONJ is not available [82]. An 
International Classification of Diseases code 
(ICD) and a working definition for ONJ were 
introduced for the first time in 2006-2007. 

The American Association of Oral and 
Maxillofacial Surgeons (AAOMS) and the 
American Society of Bone and Mineral Research 
(ASBMR) proposed in 2007 the following defini- 
tion of ONJ: 

1. Current or previous treatment with 
bisphosphonates 

2. Exposed necrotic bone in the maxillofacial 
region, which has been present for at least 8 
weeks 

3. No history of radiation therapy to the jaws 

This definition was widely accepted and 
formed the basis of studies that examined the fre- 
quency and pathogenesis of ONJ. The definition 
was revised in 2014 by AAOMS as follows: 

1 . Current or previous treatment with antiresorp- 
tive or antiangiogenic agents 

2. Exposed bone or bone that can be probed 
through an intraoral or extraoral fistula(e) in 
the maxillofascial region that has persisted for 
more than 8 weeks 

3. No history of radiation therapy to the jaws or 
obvious metastatic disease to the jaw 
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The main difference of this from the earlier 
definition of ONJ is the recognition that the disor- 
der does not occur only in bisphosphonate-treated 
patients, as was widely believed. Patients at risk 
or with established medication-related ONJ can 
also present with other common clinical condi- 
tions not to be confused with medication-related 
ONJ. Commonly misdiagnosed conditions 
include alveolar osteitis, gingivitis/periodontitis, 
carries, fibro-osseous lesions, and chronic scle- 
rosing osteomyelitis [81]. Importantly, ONJ 
occurs also in patients not exposed to antiresorp- 
tive or antiangiogenic agents. The pathophysiol- 
ogy of ONJ has not been fully elucidated, and 
various hypotheses have been proposed to explain 
the unique localization in the jaws including 
altered bone remodeling, inhibition of angiogen- 
esis, constant microtrauma, vitamin D deficiency, 
soft tissue bisphosphonate toxicity, and inflamma- 
tion or infection. 

Initial surveys, using different ways to define 
ONJ, revealed that the condition was much more 
frequent in patients treated with bisphosphonates 
for malignant diseases, particularly multiple 
myeloma and breast cancer. The incidence of 
ONJ in patients with malignant diseases treated 
with intravenous zoledronate in clinical trials is 
approximately 1.0 % [83]. It should be noted that 
the dose of zoledronate given to patients with 
malignant diseases for prevention of skeletal- 
related events is 4 mg every 3-4 weeks account- 
ing for a total yearly dose of about 50 mg; this 
dose is tenfold higher than the dose of zoledro- 
nate used for the treatment of osteoporosis. The 
estimated prevalence of ONJ in patients with 
osteoporosis treated with bisphosphonates range 
between 10 cases per 10,000 and <1 case per 
100,000 patients exposed [84]. In clinical trials of 
oral bisphosphonates in osteoporosis, no cases of 
ONJ were identified in more than 60,000 patient- 
years, while in the HORIZON-PFT, the only 
study of bisphosphonates in osteoporosis in 
which cases of ONJ were prospectively collected 
and adjudicated, two documented cases were 
reported: one in the placebo-treated group and 
one in the zoledronate-treated group; another 
case was documented in the zoledronate group of 
the extension study [46, 64]. Overall, the risk of 


ONJ among patients treated with either zoledro- 
nate or alendronate for osteoporosis approxi- 
mates the risk of ONJ in patients treated with 
placebo [81]. The risk appears to increase with 
time on treatment and is 100 times lower than in 
cancer. The studies of ONJ in patients treated 
with bisphosphonates have identified other risk 
factors that contribute to the development of the 
condition, the most common being a dental pro- 
cedure and the use of glucocorticoids. In contrast 
to malignant diseases, there are no specific rec- 
ommendations for dental procedures in patients 
with osteoporosis on treatment with bisphospho- 
nates. A dental procedure should not be deferred 
because the risk of ONJ is extremely low. An 
advice to temporarily stop treatment, for exam- 
ple, 2-3 months, before and after the procedure is 
more for reassurance of the patient and the den- 
tist and is not based on scientific evidence. 
Various treatment strategies are used by dental 
surgeons depending on the stage of ONJ (see 
Chap. 14). PTH treatment has been reported to 
have a quick, favorable effect in some cases. In 
conclusion, the risk of ONJ in patients with 
osteoporosis treated with bisphosphonate is very 
low and does not affect the favorable benefit-to- 
risk balance of bisphosphonate treatment of 
osteoporosis. 

Atypical Fractures of the Femur (AFF) 

In recent years, there has also been concern about 
the potential relation between fractures of the 
femur below the lesser trochanter deemed to be 
unusual for patients with osteoporosis on the 
basis of their localization and radiographic char- 
acteristics and long-term use of bisphosphonate. 
These fractures were termed AFF and were 
reported to occur as a result of no or minimal 
trauma, and they may be complete, extending 
across the entire femoral shaft, or incomplete 
affecting only the lateral cortex of the femur. 
They are morphologically transverse or short 
oblique, often in areas of thickened femur corti- 
ces, and they are not comminuted (Fig. 15.5). 
They are often preceded by prodromal pain and 
can be bilateral, and healing may be delayed. The 
first report of AFF in patients treated with oral 
bisphosphonate [84] for osteoporosis was fol- 
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Fig. 15.5 Bilateral atypical femoral fractures of a patient 
with rheumatoid arthritis and multiple risk factors for 
fractures (including glucocorticoids and methotrexate) 
after alendronate for 8 years. Upper panel : imaging stud- 
ies during presentation with prodromal symptoms; (a) 
plain radiograph, (b) bone scintigraphy, (c) SPECT. 
Lower panel, (d) development of complete fracture, (e) 
delayed healing following operation, (f) spontaneous frac- 

lowed by case reports and case series of patients 
with AFF while on treatment with oral bisphos- 
phonates (reviewed in [85-87]). In 2010, a Task 
Force of the ASBMR proposed criteria for the 


ture of the right femur 7 months after the first fracture. 
Note the lack of scintigraphic evidence of stress fracture 
in the right femur at presentation. From: Somford MP, 
et al. Bilateral fractures of the femur diaphysis in a patient 
with rheumatoid arthritis on long-term treatment with 
alendronate: clues to the mechanism of increased bone 
fragility. Journal of Bone and Mineral Research 2009; 24: 
1736-1740 

identification and diagnosis of AFF which were 
revised in 2014 as shown in Table 15.2 [88]. It is 
now generally accepted that AFF are stress frac- 
tures that may proceed to complete fractures. 
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Table 1 5.2 Atypical fractures of the femur 


Major features 

Minor features 

1 . The fracture is associated with minimal or no trauma as in 
a fall from standing height or less 

1 . General increase in cortical thickness of the 
femoral diaphysis 

2. The fracture line originates at the lateral cortex and is 
substantially transverse in its orientation, although it may 
become oblique as it progresses medially across the femur 

2. Unilateral or bilateral prodromal symptoms 
such as dull or aching pain in the groin or thigh 

3. Complete fractures extend through both cortices and may 
be associated with a medial spike; incomplete fractures 
involve only the lateral cortex 

3. Bilateral incomplete or complete femoral 
diaphysis fractures 

4. The fracture in noncomminuted or minimally comminuted 

4. Delayed fracture healing 

5. Localized periosteal or endosteal thickening of the lateral 
cortex is present at the fracture site (“beaking” or 
“flaring”) 

None of these features are required for diagnosis 
but have been sometimes associated with typical 
femoral fractures 


The fracture must be located along the femoral diaphysis from just distal to the lesser trochanter to just proximal to the 
supracondylar flare. At least 4/5 major features must be present 

Data from American Society for Bone and Mineral Research Task Force; J Bone Miner Res 2014; 29: 1-23 (Ref. [88]) 


Subtrochanteric and femoral shaft fractures 
represent 4-10 % of all fractures of the femur, but 
in elderly residents of nursing homes, the inci- 
dence of femoral shaft fractures can be as high as 
that of hip fractures [89]. Up to 75 % of complete 
subtrochanteric/femoral shaft, fractures are asso- 
ciated with major trauma, and in elderly patients, 
they may occur below the prosthesis after total 
hip replacement. After the age of 60 years, how- 
ever, subtrochanteric/femoral shaft fractures are 
more common in women than in men; their inci- 
dence increases steeply with age, parallel to that 
of hip fractures; and they occur mainly after low- 
energy trauma, similar to typical osteoporotic 
fractures. Radiographically, they are mainly spiral 
or longitudinal, but transverse fractures have also 
been reported, some of which with a radiographic 
pattern indistinguishable from that reported in 
patients treated with bisphosphonates. 

Compared with hip fractures, the incidence of 
subtrochanteric/femoral shaft fractures is low 
and stable over time, ranging between 20 and 
34.2/100,000 person-years versus 400 and 
694.4/100,000 person-years for hip fractures in 
large cohorts in the USA (see also Chap. 6). A 
classification code for AFF is not available, and 
epidemiological studies report subtrochanteric 
fractures independently of the presence or not of 
radiographic features of atypia. In addition, mis- 
classification of femur fractures by ICD coding 
can be high which may lead to considerably dif- 
ferent estimates due to their low incidence. 


The association between rates of subtrochan- 
teric/femoral shaft fractures and bisphosphonate 
use has been examined in large cohort studies. 
The majority of these studies found that the rates 
of subtrochanteric/femoral shaft fractures were 
not higher among patients exposed to bisphos- 
phonates. Similarly, data of clinical trials of 
bisphosphonates in patients with osteoporosis 
showed no difference in the low incidence of sub- 
trochanteric/femoral shaft fractures between 
patients receiving bisphosphonate and those 
receiving placebo [90, 91]. 

The main limitation of epidemiological studies 
was the absence of radiographic adjudication of 
atypical fractures. The first publication of the prev- 
alence of AFF and their association to the use of 
bisphosphonates in a cohort of patients with femur 
fractures with examination of radiographs for 
signs of atypia was published by Giusti et al. [92]. 
This was followed by a number of similar studies 
(reviewed in [88]). The results of these studies 
showed that AFFs represent only a small fraction 
of subtrochanteric/femoral shaft fractures (about 
1 % of all fractures of the femur). They occur more 
frequently in bisphosphonate-treatedpatients than 
in patients never treated with bisphosphonates, 
and their prevalence increases with prolonged 
treatment. The reported risk varies widely. While 
some differences in methodology among these 
studies may contribute to this large variation, it 
should also be recognized that the confidence 
intervals of the estimates are very large and, due to 
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the low frequency of these fractures, inclusion or 
exclusion of a few cases may have a significant 
effect on the estimated risk. More importantly, 
these studies also showed that a substantial pro- 
portion of patients with atypical fractures were 
never treated with bisphosphonates (e.g., 124 of 
411 reported in 11 studies). This finding is in full 
agreement with reports of subtrochanteric/femoral 
shaft fractures with characteristic radiographic 
features of atypia both before and after approval of 
bisphosphonates for osteoporosis [93-98] and 
suggests that there may be a small group of patients 
with osteoporosis with a specific predisposition to 
these fractures. 

Causal association between bisphosphonate 
use and AFFs and a reliable pathogenetic mecha- 
nism have not been established [86-88, 99]. 
Strictly scientifically, a causal relationship 
between a drug and an event cannot be inferred 
from retrospective studies. The rarity, however, of 
the event will never permit the planning of pro- 
spective studies specifically designed to test the 
hypothesis that bisphosphonate use is causally 
related to the development of AFFs in patients 
with osteoporosis. The occurrence, however, of 
AFFs in a substantial number of bisphosphonate- 
naive patients makes a direct causal relationship 
between bisphosphonate use and AFFs unlikely. 
In addition, most studies with radiographic review 
of the fractures have reported significant associa- 
tions between glucocorticoid use and AFFs. 
Moreover, recent studies provide evidence that 
lower limb geometry contributes significantly to 
the risk of developing an AFF. To address this 
issue further, we investigated the association 
between low-energy trauma fragility fractures of 
the humeral shaft that share common radiographic 
features with AFF and bisphosphonate use [100]. 
The humerus is anatomically a long bone closely 
resembling the femur but is subjected to different 
mechanical loads compared to the subtrochanteric 
region of the femur. We found that “atypical” 
fractures of the shaft of the humerus occur with a 
low frequency, similar to that reported for AFF, 
and that these fractures are not associated with 
bisphosphonate use. Consistent with the finding 
that a number of patients with AFF never used 
bisphosphonates, these findings illustrate that not 
every fracture of a long bone with radiographic 


features of “atypia” should be readily attributed to 
bisphosphonate use if the patient happens to use 
one of these agents. 

The pathogenesis of AFFs remains unclear. 
Various hypotheses have been proposed to 
explain potential adverse effect of bisphospho- 
nates on bone tissue that might explain the 
increased fragility. These include excessive 
decrease of bone remodeling, hypermineraliza- 
tion of bone tissue, and microdamage accumula- 
tion. Existing evidence does not support any of 
these hypotheses, and there is insufficient, scien- 
tifically reliable evidence to conclude that 
bisphosphonates cause AFFs. Detailed analysis 
of existing data and new reports helps, however, 
to understand the pathogenesis of AFFs in a, cur- 
rently, small number of patients. For example, in 
a review of published cases of AFFs, 6 of 77 
reported patients treated with bisphosphonates 
had already sustained a femoral shaft fracture 
before starting treatment with bisphosphonates 
[85] indicating preexistent increased fragility of 
this bone. Sutton et al. [101] described a 5 5 -year- 
old woman with AFF after 4 years treatment with 
alendronate followed by intravenous zoledronate. 
By any current criteria, this patient would have 
been included in the list of cases with 
bisphosphonate-associated AFF. However, these 
authors performed additional investigations and 
identified a mutation in the gene of alkaline phos- 
phatase establishing the diagnosis of adult hypo- 
phosphatasia, a condition associated with 
increased bone fragility and radiographic fea- 
tures of femur fractures that are indistinguishable 
from those of AFF in patients receiving bisphos- 
phonates. How many similar cases have already 
been reported or are included in cohort studies is 
unknown, and there may be other patients with 
not yet identified pathology that needs to be fur- 
ther investigated. 

Physicians should be alert of the possibility of 
AFF in patients on long-term bisphosphonate 
treatment presenting with pain in the hip/femur 
area with weight bearing which is relieved by 
unloading. If there are signs of an AFF, treatment 
should be stopped, and there is epidemiological 
evidence that the incidence of AFF decreases 
within 2 years after stopping treatment [102]. 
There is no general agreement about the manage- 
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ment of patients with incomplete fractures, 
whereas that of complete fractures should be sur- 
gical (for details, see Chap. 11). Improvement, no 
change, or deterioration with PTH treatment have 
been reported. 

The calculation of the benefit (prevention of 
hip fractures)-to-risk (induction of AFF) balance 
is in favor of the benefit even if we assume that all 
AFFs are due to bisphosphonate. 


Denosumab 

The discovery of the RANK-RANKL-OPG sig- 
naling pathway in osteoclasts identified the essen- 
tial role of RANKL in the formation, function, and 
survival of osteoclasts [103]. A fully human mono- 
clonal antibody to RANKL (denosumab or Dmab) 
was developed for the treatment of diseases char- 
acterized by absolute or relative increase in bone 
resorption including osteoporosis. Dmab binds 
with high specificity to human RANKL to reduce 
osteoclast number and activity and thereby inhib- 
its bone resorption [104]. This action is followed 
by a decrease in bone formation and bone turnover 
and an increase in BMD at all skeletal sites. These 
actions were confirmed in bone biopsies of patients 
treated with Dmab for up to 5 years showing 


marked and sustained inhibition of activation fre- 
quency and bone turnover, while the bone formed 
under treatment was lamellar and mineralized nor- 
mally [105, 106]. Consistent with the action of 
other antiosteoporotic treatments, but different 
from bisphosphonates, the effect of Dmab on bone 
resorption is quickly reversed following treatment 
discontinuation. The pharmacokinetic/dynamic 
background of this response is illustrated in Fig. 
15.6. Following a subcutaneous injection of Dmab 
60 mg, there is a rapid increase in blood levels 
which progressively decrease and disappear from 
the circulation after about 6 months. The elimina- 
tion of Dmab from the circulation does not involve 
the kidney and is achieved, as with other antibod- 
ies, by the reticuloendothelial system. The 
increases in blood levels of Dmab are associated 
with a dramatic decrease in the marker of bone 
resorption serum CTX which starts to increase 
again concurrently with the disappearance of 
Dmab from the circulation. 


The Benefit 

The efficacy of Dmab in the treatment of osteopo- 
rosis was investigated in the FREEDOM study. In 
this study, 7808 women with postmenopausal 


Fig. 15.6 Serum 
denosumab ( closed circles, 
solid line ) and CTX 
( triangles , interrupted line ) 
values following a single 
subcutaneous injection of 
denosumab 60 mg 
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osteoporosis (T-score<-2.5 in the spine or total 
hip and not <-4 at either site) were randomized to 
receive Dmab 60 mg subcutaneously once every 6 
months or placebo [107]. Compared with placebo, 
Dmab significantly reduced the incidence of new 
vertebral, hip, and non- vertebral fractures by 68 % 
(RR 0.32; 95 % Cl 0.26-0.41), 40 % (RR 0.60; 
95 % Cl 0.0.37-0.97), and 20 % (RR 0.80; 95 % 
Cl 0.67-0.95), respectively. Importantly, increases 
in total hip BMD over 3 years could explain about 
80 % of the reduction in the risk of non- vertebral 
fractures [108]. In the past, there has been much 
controversy about the contribution of BMD 
increases to the antifracture efficacy of antiresorp- 
tive treatments for osteoporosis. The data obtained 
with Dmab, supported by data obtained with zole- 
dronate [109], strongly suggest that the reduced 
potency and the unreliable long-term oral delivery 
of earlier used preparations are probably respon- 
sible for the failure to detect such association. The 
effect of Dmab in the hip was exerted at all com- 
partments relevant for bone strength (trabecular, 
subcortical, and cortical) [110, 111]. 

In the FREEDOM study, a prespecified sub- 
group analysis of women with prevalent vertebral 
or non- vertebral fractures was performed [112, 
113]. Of a total of 2340 women with mild verte- 
bral deformities (grade 1), 1 163 (29.8 %) received 
Dmab and 1177 (30.1 %) received placebo. After 
3 years of treatment, 13.6 % women in the pla- 
cebo group versus 4.6 % in the Dmab group 
developed new vertebral fractures (RR 0.34; 95 % 
Cl 0.24-0.48). In women with non- vertebral frac- 


tures before entry to the study, 9.4 % in the pla- 
cebo group sustained a new vertebral fracture 
versus 3.5 % in the Dmab group (RR 0.38; 95 % 
Cl 0.26-0.54). In both subgroups, the decrease in 
the incidence of non-vertebral fractures was not 
significant: HR 1.06 (0.78-1.44) and 0.84 (0.65- 
1.09) in women with prevalent vertebral and non- 
vertebral fractures, respectively. 

In a post hoc analysis of patients at high risk 
of fractures selected on the basis of BMD or age 
(femoral neck BMD <-2.5 or age >75 years), 
Dmab, compared with placebo, reduced the inci- 
dence of hip fractures by 47 % and 62 %, respec- 
tively [114]. 

Long-Term Effects on Bone Fragility 

The FREEDOM study was extended in an open- 
label design for an additional 7 years during 
which all women receive Dmab (Fig. 15.7). The 
extension includes two populations: those who 
received Dmab for 3 years during the core study 
(long-term group) and those who received pla- 
cebo for 3 years during the core study (crossover 
group). All women who completed the core study 
(i.e., completed their 3 year visit, did not discon- 
tinue investigational product, and did not miss >1 
dose of Dmab) were eligible to enter the 
extension. The primary objective of the extension 
is to describe the long-term safety and tolerability 
of Dmab. Secondary objectives include changes 
in bone turnover markers, BMD, and incidence 
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of vertebral and non- vertebral fractures [115, 
116]. At the time of writing this chapter, the 
FREEDOM Extension study had not been com- 
pleted, but results up to a total of 8 years of treat- 
ment were available [117]. 

Of the 7808 women enrolled in the FREEDOM 
trial, 5928 (76 %) were eligible for enrollment in 
the extension and 4550 (77 %) enrolled (2343 
long-term, 2207 crossover group). Of those who 
entered the extension, 66 % in each group com- 
pleted Year 5 (long-term group 8 years, crossover 
group 5 years) totaling 3004 participants. 
Treatment with Dmab for 8 years resulted in sus- 
tained reductions in serum CTX and PI NR In the 
crossover group, following the initial administra- 
tion of Dmab, median values of serum CTX and 
P1NP were rapidly reduced to levels similar to 
those observed in the Dmab group in the 
FREEDOM parent trial. The reduction of the lev- 
els of both markers were sustained through 5 
years of Dmab treatment, and over time the bone 
turnover profile was consistent with that of the 
long-term group during the first 5 years of deno- 
sumab exposure. The mean percent changes in 
BMD from the beginning of FREEDOM through 
Year 5 of the extension, totaling 8 years of treat- 
ment, showed increases of 18.4 % at the lumbar 
spine, 8.3 % at the total hip, 7.8 % at the femoral 
neck, and 3.5 % at the one-third radius. During 
the extension, the BMD gains at each visit for the 
lumbar spine, total hip, and femoral neck were 
statistically greater compared with the gains at the 
previous visit. These changes were very similar to 
those observed in a small number of women 
treated for 8 years in a Phase II study. BMD 
increased also rapidly in the crossover group after 
the first year of Dmab treatment and mirrored the 
changes observed in the long-term group indicat- 
ing consistency of the effect of Dmab on BMD at 
all skeletal sites. For the lumbar spine, total hip, 
and femoral neck, gains were statistically greater 
at each visit compared with the previous time 
point measured during the extension. 

During the extension, fracture rates remained 
low in an aging population and were below the 
rates reported in the placebo group of the 
FREEDOM. Because there was no placebo group 
in the extension, a simulation method, developed 


for such an extension study, was used to estimate 
expected fracture rates in a hypothetical cohort of 
placebo controls (virtual twin). This method mod- 
eled fracture risk for a theoretical placebo-treated 
population matched to actual study participants 
with regard to characteristics that were predictive 
of fracture risk in the participants in the original 
FREEDOM placebo group. This analysis also 
showed that the incidence of new vertebral and 
non-vertebral fracture was lower than the inci- 
dence that would have been expected if extension 
participants had received placebo [116] (Fig. 
15.8). These observations are consistent with 
maintenance of the effect of Dmab to reduce frac- 
tures for at least up to 6 years. One inherent limita- 
tion of the study is that not all qualified FREEDOM 
participants enrolled in the extension, so long-term 
efficacy and safety observations were limited to 
those who were eligible and chose to participate. 
However, demographic and clinical characteristics 
of patients who were not enrolled in the extension 
did not differ from those of the patients who par- 
ticipated. In addition, the open-label design of the 
study and the lack of a continuing placebo group 
precluded direct comparisons of results from 
Dmab-treated participants and placebo-treated 
participants for all measures. 

The Risk 

Dmab has an overall favorable risk-benefit bal- 
ance. The incidence of serious adverse events in 
FREEDOM was similar between patients treated 
with placebo (24.3 %) and those treated with 
Dmab (25.3 %), and there was a trend for reduced 
mortality with Dmab treatment (HR 0.76; 95 % 
Cl 0.50, 1.03; /? = 0.08). 

In addition to expression by bone cells, 
RANKL and RANK are expressed by cells of the 
immune system including activated T lympho- 
cytes, B cells, and dendritic cells raising the pos- 
sibility that RANKL inhibition might alter 
immune function [118]. Gene deletion in rodents 
showed that the absence of RANK or RANKL 
during embryogenesis leads to the absence of 
lymph nodes and changes in thymus architecture, 
whereas dendritic cells and macrophages remain 


15 Long-Term Efficacy and Safety of Treatments for Osteoporosis 


223 


a Long-term Denosumba: New Vertebral Fractures 

10 

S' 

8 



Placebo Denosumab 


Virtual 

Placebo 


Denosumab 


Years 1-3 Years 4-6 

b Long-term Denosumba: Nonvertebral Fractures 



Placebo Denosumab 


Years 1-3 


Virtual 

Placebo 


Denosumab 


Years 4-6 



Placebo Denosumab 


Virtual Cross-over 
Placebo Denosumab 


Years 1-3 Years 4-6 

Cross-over Denosumba: Nonvertebral Fractures 


10 ■ 
8 • 


o 

a) 4 J 

CO 

£ 

to 2 J 


FREEDOM 



Extension 
7 . 5 % 



Placebo Denosumab 


Years 1-3 


Virtual Cross-over 
Placebo Denosumab 

Years 4-6 


Fig. 15.8 Incidence of vertebral and non-vertebral frac- 
tures in FREEDOM and its extension after 6 years. From: 
Bone HG, et at. The Effect of 3 or 6 Years of Denosumab 


Exposure in Women With Postmenopausal Osteoporosis: 
Results From the FREEDOM Extension. Journal of Clinical 
Endocrinology and Metabolism 2013; 98: 4483-4492 


normal [119, 120]. In contrast, in humans with 
osteopetrosis due to loss-of-function mutations 
of RANKL, there are hardly any effects on 
immune system development and function [121]. 
In addition, in studies of genetically modified 
rodents and in cynomolgus monkeys, inhibition 
of RANKL did not have any consequences on 
basal immune parameters, generation of T or B 
cell immune responses or response to immuniza- 
tion, or other immune challenges [122-124]. 
Finally, in a dose-ranging study of Dmab in 
healthy postmenopausal women, no clinically 
meaningful differences in overall lymphocyte 
counts, T cells or B cells, were observed in those 
treated with Dmab [125]. In the FREEDOM 
study, the incidence of serious adverse events of 
infection was similar between placebo-treated 
(3.4 %) and Dmab-treated (4.1 %) women, but 
there were some numeric imbalances in specific 
events particularly those involving the skin. 


Serious adverse events in the skin occurred in 
3 women (<0.1 %) on placebo and in 15 women 
(0.4 %) on Dmab (p< 0.05). In most of the cases, 
these were cellulitis or erysipelas (1 vs. 12 cases) 
of the lower extremities that bore no relation to 
the length of treatment and resolved with antibi- 
otics [126]. During the extension, there was no 
evidence of an increase in these or other infec- 
tions with increased exposure to Dmab [1 15— 
117]. Importantly, in patients who received Dmab 
following 3 years of treatment with placebo, the 
incidence of cellulitis or erysipelas did not differ 
from that of the initial treatment period, one case 
during 3 years of Dmab treatment [116]. 
Gastrointestinal infections occurred as serious 
adverse events in 28 placebo-treated women 
(0.7 %) and in 36 (0.9 %) Dmab-treated women 
with no consistent pattern in the type of infection. 
There were no differences in the incidence of 
respiratory tract infections or osteomyelitis 
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between the two groups, while two cases of endo- 
carditis occurred in Dmab-treated women; these 
bore no relation to the length of treatment or to 
the time of Dmab administration, and in both 
cases no causative pathogen was identified. 
Finally, the incidence of opportunistic infections , 
a subject of concern during treatment with TNF-a 
inhibitors, was low and similar in women treated 
with placebo and Dmab. In particular, tuberculo- 
sis was reported as serious adverse event in three 
and as nonserious adverse event in four women 
treated with placebo and only as serious adverse 
event in two women treated with Dmab. 
Furthermore, in preclinical models of inflamma- 
tory arthritis and inflammatory bowel disease, 
RANKL inhibition decreased bone resorption 
while having no effect on parameters of inflam- 
mation [127, 128]. The former finding was con- 
firmed in a Phase II clinical study of patients with 
rheumatoid arthritis in whom treatment with 
Dmab dramatically decreased bone erosions 
without any effect on inflammation [129]. It is 
currently thought that the RANK signaling path- 
way is redundant having a secondary role in the 
immune response. Whether this is also the case in 
immunocompromised individuals remains to be 
studied before Dmab is administered to such 
patients. Consistent with the effect of Dmab on 
infections, there was no increase in the incidence 
of malignant neoplasms with prolonged exposure 
for up to 8 years [117]. 

While no cases of ONJ or AFF were docu- 
mented in FREEDOM, eight and two events, 
respectively, were identified by adjudication dur- 
ing the extension up to 8 years, 5 ONJ cases in 
the long-term group, and three in the crossover 
group, one AFF case in each group. Fracture 
healing was neither impaired nor promoted by 
Dmab treatment [130]. 

Following the approval of Dmab in several 
countries worldwide, a pharmacovigilance pro- 
gram was established to supplement data collec- 
tion from clinical trials. Despite its limitations, 
this approach helps to assess the safety profile of 
a medication in clinical practice and in a much 
larger population than that of clinical trials. 
During 1,960,405 patient-years exposure, five 
cases of AFFs (all previously treated with bisphos- 


phonates) and 47 cases of ONJ (38 previously 
treated with bisphosphonates) were reported; 
these correspond to an incidence of <1/100,000 
patient-years and 2.3/100,000 patient-years, 
respectively. The incidence of severe symptomatic 
hypocalcemia was 5.2/100,000 patient-years; this 
occurred within 30 days after Dmab administra- 
tion, and the majority of patients had impaired 
renal function or were on hemodialysis. As dis- 
cussed earlier in this chapter, caution is needed in 
the treatment of patients with renal failure with 
potent antiresorptives. This is particularly rele- 
vant for Dmab, the use of which is not contraindi- 
cated in such patients. The rate of severe 
anaphylaxis was 1.5/100,000 patient-years. This 
occurred within minutes to hours after the first 
injection and required emergency measures; no 
fatalities were reported. 


Denosumab 

versus Bisphosphonates 

The antifracture efficacy of Dmab cannot be 
compared with that of the bisphosphonates 
because of the difference in fracture risk of 
patients included in pivotal clinical trials (Fig. 
15.9). A post hoc analysis of a head-to-head 
study of Japanese women and men with osteopo- 
rosis reported Dmab to be superior to alendronate 
35 mg once- weekly in decreasing the incidence 
of vertebral fractures [131]. It should be noted 
that the doses of oral bisphosphonates used in 
Japan are usually half of those approved for the 
treatment of osteoporosis in Europe and the USA 
due to higher absorption of bisphosphonates in 
Japanese individuals. There are, however, other 
head-to-head studies with intermediate efficacy 
outcomes which illustrate the differences between 
the two classes of antiresorptive treatments. 

In two double-blind RCTs, the efficacy and 
safety of Dmab and alendronate were compared 
in treatment-naive patients or patients previously 
treated with alendronate [132, 133]. In both stud- 
ies, Dmab decreased the levels of bone turnover 
markers significantly more than alendronate 
associated with significant greater increases in 
BMD at all skeletal sites. The superior efficacy of 


15 Long-Term Efficacy and Safety of Treatments for Osteoporosis 


225 


Vertebral Fx(%) 



Fig. 15.9 Incidence of vertebral and hip fractures after 3 
years of treatment with placebo in pivotal clinical trials of 
antiresorptive treatments. RIS risedronate, ALN alendronate, 
ZOL zoledronate, Dmab denosumab. Data from: 1. 

Dmab against oral bisphosphonates in reducing 
bone turnover and increasing BMD was further 
demonstrated in studies of similar design with 
oral risedronate and ibandronate [134, 135]. 

The differences in the offset of the action 
between Dmab and alendronate were examined 
and confirmed in the Phase II study which dem- 
onstrated the fast reversal of the effect of Dmab 
discontinuation on bone turnover markers and 
BMD and their slow progressive reversal after 
discontinuation of alendronate. The results 
obtained with Dmab raised also the question 
whether the fast activation of remodeling sites 
following discontinuation of Dmab may have an 
adverse effect on bone fragility. Brown et al. 
[136] examined fracture rates in patients who 
participated in FREEDOM but discontinued 
treatment after 2-5 doses and continued partici- 
pation in the study for >7 months. Fracture rates 
were 13.5/100 patient-years in placebo-treated 
women and 9.7/100 patient-years in Dmab- 
treated women indicating that treatment cessa- 
tion is not associated with excess in fracture risk 
up to 24 months. 

Prevention of microarchitectural deterioration 
of cortical and trabecular bone by Dmab or alen- 
dronate was examined in a placebo-controlled 
study by HR-pQCT. Both agents prevented the 
loss of vBMD, increased cortical thickness, and 
improved estimated bone strength. The effect of 
Dmab on all these parameters was superior to that 
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of alendronate [137]. In a more recent analysis of 
images obtained in this study with a new soft- 
ware, the effects of the two agents and placebo on 
intracortical porosity were measured [138]. Dmab 
reduced remodeling more rapidly and more com- 
pletely and decreased porosity more than alendro- 
nate. This may be due to easier access of Dmab 
compared with alendronate to intracortical sites 
and may lead to better protection of skeletal integ- 
rity at sites with predominantly cortical bone. 
This needs, however, to be proven in head-to- 
head studies with fracture outcomes. 

Increases in hip BMD with bisphosphonates, 
and other antiresorptives, are not observed 
beyond 3 years of treatment. In contrast, in all 
studies with Dmab given for more than 3 years, 
up to 8 years, a continuous increase in hip BMD 
has been observed (Fig. 15.10). In addition, in a 
subset of patients, radial BMD increased signifi- 
cantly up to 8 years of treatment; this response of 
a primarily cortical bone site contrasts the find- 
ings obtained so far with other antiosteoporotic 
treatments. Although the mechanism(s) underly- 
ing this unique pattern of BMD increases remains 
to be fully elucidated, hypotheses based on previ- 
ous observations may help explain the continued 
year-by-year gains in BMD without therapeutic 
plateau and the low fracture incidence over time. 
As seen with other antiresorptives, early effects 
of Dmab may include closing of the remodeling 
space and improvement in bone mineralization. 
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Month Month 

Fig. 15.10 Changes of total hip BMD of women with osteoporosis treated with antiresorptive agents {solid lines ) or 
placebo {interrupted lines). RIS risedronate, ALN alendronate, ZOL zoledronate, Dmab denosumab, PBO placebo 


Unique attributes may include decreases in corti- 
cal porosity and transient increases in PTH after 
each dose of Dmab. Most recently, modeling- 
based bone formation was observed in the femo- 
ral neck of ovariectomized cynomolgus monkeys 
treated with Dmab for 16 months at a dose that 
fully inhibited remodeling [139]. Although fur- 
ther studies are needed to determine if this effect 
is exerted also in humans, ongoing modeling- 
based bone formation in the presence of reduced 
resorption may help explain the continued 
improvements in bone mass, as well as the low 
rate of fractures, observed through 8 years of 
treatment with denosumab. 


Conclusion 

Pharmacological agents used in the management 
of patients with osteoporosis are generally effica- 
cious and well tolerated, but there are differences 


among them. Agents that reduce the risk of all 
osteoporotic fractures, including those of the hip, 
have a favorable benefit-to-harm profile espe- 
cially when given to patients with osteoporosis at 
increased risk of fractures. Knowledge of the 
mechanism of action, efficacy, and potential risks 
of every treatment prescribed is essential for 
proper care of patients with osteoporosis. 
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Summary 

• Bisphosphonates are effective in reducing 
osteoporotic fracture risk. 

• Concerns were raised recently about long-term 
bone retention of bisphosphonates. 

• The rationale for a drug holiday (temporary 
discontinuation) is the high affinity of bisphos- 
phonates for bone. 

• A drug holiday could be considered after 3-5 
years of treatment, providing that the patient 
is not at persistent high risk. 

• There is no evidence-based data about benefit 
and risks of such drug holidays. 


Introduction 

A drug holiday is a temporary discontinuation of 
a drug. In the context of osteoporosis, this 
concept has been proposed insistently because of 
safety concerns about long-term administration 
of bisphosphonates. The incidence of these 
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bisphosphonate-related adverse events is low, but 
their perception is high. The rationale for this 
concept is the property of bisphosphonates to 
be accumulated in bone over time and released 
after treatment is stopped. That means that the 
patient can be exposed to the drug, after the 
discontinuation of treatment. 

There is a controversy over the duration of 
treatments and duration of drug holidays, and 
there are no evidence-based data to determine 
when and whether to resume treatment. Moreover, 
each bisphosphonate has a unique profile of bone 
affinity, and a difference in the speed of offset is 
highly expected within the bisphosphonates. 
Finally, the concept of drug holidays cannot be 
applied for drugs for which the effect resolves 
immediately after discontinuation. 


Effect of Stopping Treatments 

Bisphosphonates are the most popular treatment 
of osteoporosis and are widely prescribed. They 
are unique in their capacity to bind to bone 
matrix. Alendronate, ibandronate, risedronate, 
and zoledronate are different in the strength for 
binding to bone and in their potency for inhibiting 
farnesyl pyrophosphate synthase, their enzyme 
target. The high affinity of all bisphosphonates 
for bone is however a common property. When 
treatment is stopped, it is actually released from 
bone; because this release is function of the level 
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of turnover, which is decreased by the presence 
of the bisphosphonate itself, this release can 
occur over months or years. This skeletal 
persistence can be associated with persistence of 
the clinical effect, for an unpredictable period of 
time. Whether or not the discontinuation is effec- 
tive in avoiding side effects has been suggested in 
a large study, showing that the risk of atypical 
femur fractures associated with bisphosphonate 
use decreases immediately and significantly after 
discontinuation [1]. 

Long-term prospective extension trials are 
available for risedronate, alendronate, and 
zoledronic acid [ 2 - 4 ]. Hip and spine BMD 
decreases following discontinuation but remains 
above pretreatment levels after 1,5, and 3 years of 
follow-up, respectively. Bone loss looks more rapid 
with risedronate than with the two other 
bisphosphonate, and this is in accordance to 
pharmacological properties. 

The fracture risk after discontinuation of 
risedronate has been assessed after 3 years of 
treatment [2]. Initially 1628 patients were 
randomized to receive either placebo or risedronate 
5 mg, and 759 entered a 1-year follow-up study; 
599 completed the 1-year follow-up. The relative 
risk of morphometric vertebral fractures was still 
reduced by 46 % in the former risedronate group 
(incidence 6.5 %) compared to the former placebo 
group (incidence 11.6 %). In contrast, there was a 
-0.8 and -1.23 % decrease in lumbar spine and 
femoral neck BMD, in the previous risedronate- 
treated patients. Lumbar spine BMD, but not femo- 
ral neck BMD, was significantly higher than the 
former placebo group at the end of the extension 
year. For both lumbar spine and femoral neck, 
BMD values remained significantly higher than pla- 
cebo at the end of year 4. Urinary NTX as a marker 
of bone resorption was available at the end of the 
follow-up in 89 patients of the former risedronate 
group: it increased from 30 to 51 nmol BCE/nmol 
creatinine. These data suggest that there is still a risk 
of fracture immediately after 3 years of treatment 
with risedronate but that this risk is lower than in 
untreated women. Surrogate markers, i.e., changes 
in BMD or biochemical markers over 1 year, cannot 
help to decide when to resume risedronate treat- 
ment, as their changes (decrease in BMD, increase 


in bone resorption) are not those expected in parallel 
to the persistent anti-fracture effect. 

In FLEX study [3], patients previously treated 
by alendronate over 5 years were randomized to 
receive placebo or 5 additional years of alendronate. 
Those switched to placebo had a 1.5 % increase in 
lumbar spine BMD and a 3.38 % decrease in the 
hip BMD over 5 years. Biochemical markers were 
assessed in a subgroup of 87 patients, but data fol- 
lowing immediately the discontinuation were not 
available: the first point of assessment of biochemi- 
cal markers was at 3 years. A gradual rise in mark- 
ers was measured: at 5 years, their value was 
50-60 % higher than in patients who continued 
alendronate. Data on fractures were available in 
1071 patients. There was no difference between 
placebo- and alendronate-treated patients for 
vertebral and non-vertebral fractures, except for 
clinical vertebral fractures with a lower incidence 
in the treated group than in the placebo group: 2.4 
versus 5.3 %, respectively, over 5 years. This inci- 
dence is low and actually expected in this 
population, because of the selection at study entry, 
patients with a hip T score<-3.5 or with a decrease 
in hip BMD during the previous treatment period 
were excluded from this study. As a result, mean T 
score at baseline of the study were -1.3, -1.9, and 
-2.2 at the lumbar spine, total hip, and femoral 
neck, respectively. Only 30 % of the patients had 
osteoporosis based on a T score <-2.5 at the femo- 
ral neck; roughly 35 % of the population had a 
baseline vertebral fracture. Thus data were obtained 
in a population with a moderate risk of facture. 

In the extension of HORIZON study [4], 
patients who switched to placebo after 3 years of 
zoledronic acid treatment had (after 3 years of 
follow-up) a BMD slightly lower than patients 
who continued treatment (with differences from 
1.36 % to 2.06 % at the femoral neck and lumbar 
spine, respectively). There was no difference in 
markers of bone turnover at year 6 between 
patients who were continuously treated over 6 
years or switched to placebo after 3 years of 
treatment. There was no difference in the 
incidence of vertebral and non-vertebral fractures 
between the two groups, except for morphometric 
vertebral fractures: 3 % versus 6.2 % over 3 
years, respectively. 
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These results with bisphosphonates are 
different from those with other antiresorptive 
treatments, as their cessation results in immediate 
and large decrease in BMD. This is well known 
for estrogens, as hormone replacement therapy 
(HRT). After 2 years of treatment with conjugated 
estrogen 0.625 mg/day, women who switched to 
placebo experienced a 4.5 % and 2.4 % decrease 
at the spine and trochanter, respectively, over 1 
year [5]. The post-intervention follow-up of the 
Women’s Health Initiative (WHI) trial showed 
that the risk of fractures was comparable among 
women in the previous HRT and placebo groups; 
this suggests a greater increase in the annualized 
risk of fractures in women after HRT therapy [6]. 
One year of discontinuation of raloxifene (after 5 
years of administration) results in 2.4 % decrease 
in lumbar spine BMD [7]. 

An accelerated bone loss, with a rebound 
phenomenon, has been observed after with- 
drawal of denosumab. In an off-treatment exten- 
sion of a randomized, double-blind study, 128 
patients were followed for 2 years after a 2-year 
treatment period [8]. After 2 years off-treatment, 
BMD was not different to pretreatment value at 
the spine and hip, but lower at the radius. At 
month 48, the group previously treated with 
denosumab maintained higher spine hip and 
femoral neck BMD than patients from the pla- 
cebo group. After denosumab discontinuation, 
bone resorption marker increases immediately, 
above baseline values, peaks 6 months after dis- 
continuation, and returns to pretreatment values. 
The peak median percentage change from base- 
line of follow-up was 63 % and 47 % for CTX 
and P1NP, respectively. Post hoc analysis 
showed significant association between the per- 
centage change in lumbar spine BMD after 
denosumab discontinuation and the peak of 
CTX, an observation which has not been made 
with bisphosphonates. The huge increase in 
markers of resorption is worrisome if relation- 
ship between the increase in these markers and 
decrease in BMD and increase in fracture risk, 
which has been established in untreated women, 
is true also in previously treated patients. The 
key issue of potential effect of these variations 


on fracture risk has been assessed in 797 subjects 
(470 placebo, 327 denosumab) in the FREEDOM 
study who discontinued treatment after receiving 
2-5 doses of either denosumab or placebo [9]. 
They were followed for a median of 0.8-year per 
subject; 42 % and 28 % of the previous placebo 
and denosumab groups respectively received an 
anti-osteoporotic treatment during the follow-up. 
There was no difference in fracture occurrence 
pattern between the groups during the off-treatment 
period (9 % placebo, 7 % denosumab). Time to 
first osteoporotic fracture was not different 
between the two groups. These data have been 
obtained in a population with a mean baseline T 
score of -2.8 and -2.1 at the lumbar spine and 
hip, respectively, and only 26 % of patients had 
prevalent vertebral fractures. Thus these 
reassuring data do not apply to a higher risk 
population. 


Prediction of Effect 
of Discontinuation 

All these data suggest that the changes in bone 
markers and BMD after discontinuation are not 
relevant enough to be used solely in the decision 
to resume the treatment by bisphosphonate. Thus 
the question is: is there any parameter assessable 
at the time of discontinuation which could be used 
to decide about the relevance of a drug holiday? 

Analyses have been conducted in order to 
assess the determinants of long-term anti-frac- 
ture effects based on bone evaluation at the 
time of discontinuation. Data are from post hoc 
analysis and thus limited by methodological 
issues precluding any definitive conclusion on 
fracture effect. They suggest that BMD mea- 
surements of the femoral neck could be used to 
select patients for prolonged therapy. In the 
FLEX study, among women without vertebral 
fracture at baseline, continuation of alendro- 
nate reduced non-vertebral fractures in those 
having still a femoral neck T score of -2.5 or 
less. Such a benefit was not observed in those 
having a higher T score. There was no statisti- 
cally significant interaction with lumbar spine 
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T scores and incident fractures [10]. These 
results cannot be applied to patients with 
vertebral fractures at baseline, though it is the 
most likely population to treat. Reanalysis of 
FLEX data shows that the number of patients 
needed to treat to prevent a fracture (after 5 
years of initial alendronate treatment) is 24 if T 
score <-2.5 and 102 if T score > -2, in the popu- 
lation without prevalent vertebral fracture. The 
predictive value of a T score <-2.5 at the femoral 
neck has been confirmed at the end of a 3 -year 
period of zoledronate treatment [11]; in this post 
hoc analysis, an incident morphometric vertebral 
fracture during the initial treatment period was 
also a predictor of a benefit of a prolonged 
treatment. 

The other determinant is adherence to the 
treatment. Using a large US administrative 
database, the rate of hip fracture was examined 
in women who discontinued bisphosphonates, 
compared to those who remained on therapy 
[12]. For women compliant for 3 years, there 
was no significant difference in risk associated 
with discontinuation. However, in women with 
low medication possession ratio, discontinuation 
of 1 year or longer was associated with a two- 
to threefold increased relative risk of hip 
fracture. These data suggest that cumulative 
bisphosphonate exposure provides greater 
fracture protection. No BMD data were avail- 
able is this study. Non-adherent patients should 
be managed cautiously as far as a drug holiday 
is discussed. 


Management of Drug Holidays 

There are strong differences among drugs in bone 
parameter changes after cessation of treatment: 
the answer to the question about the conse- 
quences of stopping treatment must be 
drug-specific. With bisphosphonates, data suggest 
that patients without hip osteoporosis at the end 
of 3-5 years of treatment may not suffer from a 
“drug holiday.” Any benefits, even if persisting 
for some time, are not permanent, and this “drug 
holiday” is usually only a temporary suspension 
of treatment. 


In the context of very limited evidence regarding 
the incidence of fractures with the discontinuation 
of the treatments, an operational proposal is: 

• Recommendation for discontinuation and 
drug holiday should be limited to 
bisphosphonates. 

• The discontinuation is based on an individual 
assessment of risk after 3 (risedronate, zole- 
dronic acid) or 5 (alendronate) years, based on 
incident fracture during treatment, new risk 
factor, and final femoral neck T score. 

• If patient is not at high risk, treatment is 
stopped. Then the drug holiday can be contin- 
ued till: 

- A new fracture 

- A significant decrease of BMD 

There is lack of data on risk of fracture related 
to decrease in BMD in previously treated patients. 
However, it is a mean of assessing the residual 
pharmacological effect of the bisphosphonate. 
One may consider in clinical practice that a 
decrease in BMD means the end of the drug 
effect on bone remodeling. Because each 
bisphosphonate has its own offset, BMD can be 
measured after 2-3 years for alendronate and 
zoledronic acid and 1-2 years after risedronate. 

A rising marker of resorption could be an 
earlier indicator of a decrease in BMD, but the 
relationship of this marker with changes in BMD 
after bisphosphonate discontinuation has not 
been studied. It could be an alert to decide for an 
earlier BMD assessment. 


Conclusion 

The concept of drug holiday is not applicable to 
most chronic diseases and in the treatment of 
osteoporosis can be used only for bisphospho- 
nates. There are very limited data available actu- 
ally, and the decision must be individualized, 
based on expert opinion. The perception of risk 
of adverse event is high, although their incidence 
is low, and should not preclude unbiased 
assessment. Decision must be shared with the 
patient and reasons for discontinuation clearly 
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explained; otherwise, medicolegal implications 
could occur if a patient has a fracture in the year 
after intentional discontinuation of the treatment. 
Patients at high risk should receive long-term 
treatment [13-16]. Others may not suffer from a 
drug holiday, and treatment will be restarted after 
some time off. 
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Patients Who Do Not Take Their 
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We Help Them Become Compliant? 
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Summary 

• Compliance and persistence with osteoporosis 
medications are poor. 

• Terminology used in discussions of medica- 
tion behaviors is confusing and inconsistent. 

• Patients with osteoporosis and the physicians 
who treat them have widely differing perspec- 
tives on patient medication behavior. 

• The Health Belief Model (HBM), a theory 
about patients and medication behaviors, is 
useful in trying to understand why osteoporo- 
sis patients do not take medication as directed. 

• Perceived susceptibility and perceived sever- 
ity influence whether patients take medica- 
tions appropriately. 

• Medication side effects have been well publi- 
cized, leading to even poorer compliance and 
persistence. 

• The HBM can be used to illustrate patients’ 
attitudes toward medications. 

• It appears that the disease threat of osteoporo- 
sis is less important than the medication threat 
which appears to drive patient behavior. 
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• As long as compliance and persistence with 
osteoporosis medications remain poor, we are 
not truly treating this disabling and deforming 
disease. 


Introduction 

Many pages in peer-reviewed journals over the 
last 10-15 years have been filled with data and 
commentary on medication-taking behaviors of 
individuals with chronic illnesses. From cancer to 
epilepsy, from HIV to end-stage renal disease [1], 
scientific evidence confirms the fact that patients 
rarely take their medicine as it was prescribed for 
them. This evidence has been gathered from 
administrative billing data [2], focus groups [3], 
observational studies [4], and clinical trials [5]. 

Although these studies have used varied meth- 
odologies, samples, time frames, and data collec- 
tion methods, they virtually all agree on one topic: 
the majority of people do not take their medica- 
tions as directed. This is true for acute illnesses as 
well as chronic ones but is especially true with 
those chronic conditions which are asymptomatic 
such as hypertension, hyperlipidemia, and early- 
stage Type II diabetes. After all, if people feel no 
overt discomfort, have no disability or limitations, 
and neither feel nor see medication actions, they 
lack positive reinforcement that might provide 
support for medication-taking behaviors. 
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However, most such studies have taken a pro- 
vider perspective and, unfortunately, have not 
provided a useful answer to the question, “Why 
do patients with chronic disease (in this case, 
osteoporosis) — with access to effective medica- 
tions and therapies (exercise, calcium/vitamin D 
supplementation) — not take those medications as 
directed?” In this chapter, I will begin by briefly 
reviewing issues of terminology in research on 
compliance and persistence and examine the dif- 
ferences in patient and provider perspectives on 
medication behaviors. In addition I will review 
several studies which have attempted to change 
these medication behaviors in patients. Ultimately 
I will explain the HBM, a psychological frame- 
work with which to examine these medication- 
related behaviors and show how it can also be 
used to explain noncompliance and nonpersis- 
tence. Finally, I will close with recommendations 
for future research and interventions in this 
extremely important research and clinical area. 
After all, if patients do not take their osteoporosis 
medication as directed, we are not really treating 
osteoporosis at all. 

Note: A Caution About Terminology 

Virtually every article or chapter on the topic of 
medication-taking behaviors begins by defining 
relevant terminology [6]. One might think this a 
good strategy that would lead to concordance 
among researchers in this area. Unfortunately, 
that is not the case. Confusion abounds with the 
three most frequently used terms: compliance, 
persistence, and adherence. The International 
Society of Pharmacoeconomics and Outcomes 
Research (ISPOR) has made a valiant effort to 
standardize language use in this area. Cramer and 
colleagues [7] established terminology in the fol- 
lowing way after reviewing the empirical litera- 
ture. First, they did a literature review from 1966 
through 2005, looking for the commonly used 
terms used to describe medication behavior. 
Basing their decisions on the frequency of use in 
the literature, they defined compliance as the per- 
cent of doses taken as prescribed and persistence 
as the number of days taking the medication. 


They also noted that these two words should be 
the primary terms, noting that adherence should 
be used as a synonym of compliance (and not to 
mean a combination of compliance and persis- 
tence). Even though this paper has been cited 
over 580 times, the nomenclature problems still 
remain. Several articles, in fact, state that they 
used the ISPOR definitions but in fact, did not do 
so [8, 9]. 

In addition to those mentioned above, let me 
clarify two additional terms: primary and second- 
ary nonadherence. Primary nonadherence occurs 
when a prescriber orders a medication, but the 
patient does not pick it up. Secondary nonadher- 
ence occurs when the patient has the medication 
but, for whatever reason or reasons, does not take 
it as directed. 

As a final effort to be sure that readers under- 
stand the many dichotomies within the compli- 
ance/persistence/adherence literature, we take a 
moment to differentiate between unintentional 
and intentional nonadherence, concepts that 
reflect whether a patient forgets to take medica- 
tion (unintentional) or actively chooses not to 
take it (intentional). 

Standardizing terminology has been so diffi- 
cult because of the historical language chaos in 
this research area. A researcher can choose to fol- 
low the ISPOR guidelines or another protocol, 
but many other publications will not have done 
so. Despite their attempts to sort these definitions 
out, even new articles and chapters on compli- 
ance and persistence add to the existing confu- 
sion. For this chapter, I will rely on the ISPOR 
definitions as much as possible. That said, the 
preferred terms used in this chapter will be com- 
pliance and persistence. 

Osteoporosis Perspective: Why 
Physicians and Patients Have 
Different Perspectives 

For decades, physicians have assumed that their 
patients with virtually any chronic illness are tak- 
ing their medications as they were directed [10]. 
For that reason, many physicians rarely ask the 
basic question, “Are you taking your medications 
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as directed?” nor do they examine refill records — 
unless they are easily available — to determine 
compliance. When asked about how compliant 
their own patients are with medications, physi- 
cians almost always overestimate their patients’ 
compliant behavior, and it is rare to find physi- 
cians and their patients agreeing about medica- 
tion behavior. 

Such beliefs are widely held by those pre- 
scribers who are treating osteoporosis [11, 12]. 
The literature is rife with study after study of 
administrative databases that show that patients 
who were prescribed virtually any osteoporosis 
medications are not complying with those pre- 
scriptions. The three studies mentioned below 
provide empirical evidence of the facts that 
osteoporosis patients are not taking their medica- 
tions as directed and that the gap between physi- 
cian beliefs and actual compliance behavior is 
substantial. 

Curtis and colleagues [11] compared the 
adherence ratings of physicians about their 
patients with pharmacy refill data from the 
Healthcare Integrated Research Database (cov- 
ers 43 million people in 14 states). They selected 
all women who filled prescriptions for an oral 
bisphosphonate (weekly or monthly), calcitonin, 
SERM, or teriparatide and their physicians. 
Those physicians prescribing osteoporosis medi- 
cations for five or more sample patients were 
invited to respond to survey questions on adher- 
ence (defined as compliance plus persistence). 
They were asked separately by medication what 
percentage of their patients adhered to that medi- 
cation at least 80 % of the time. These estimates 
were compared to actual refill data of their 
patients. 

Probably not surprisingly, physicians believed 
on average that 67.2 % of their patients adhered 
to their medication protocols; pharmacy claims 
data showed that only 40.0 % of these physicians’ 
patients adhered to prescribed medications. The 
researchers identified two subgroups of physi- 
cians: those who overestimated by at least 10 % 
(the optimistic physicians) and those who under- 
estimated patients’ medication behaviors by 
7.7 % (the non- optimistic physicians). Over 74 % 
of physicians were optimistic (MDs rated adher- 


ence as 71.9 %, while claims data showed patient 
adherence to be 32.2 %); 26 % of physicians 
were non- optimistic (MDs rated adherence as 
54 %, while claims data showed patient adher- 
ence to be 62 %). The fact that physicians overes- 
timated patient adherence suggests that little if 
anything is being done by those physicians to 
improve adherence. 

In another study in France, investigators ran- 
domly identified 684 physicians (420 GPs, 154 
rheumatologists, and 11 gynecologists) and 785 
of their patients with osteoporosis. Both physi- 
cians and patients completed questionnaires. 
Physicians were asked if each of the patients 
was compliant, and patients reported their com- 
pliance on the Morisky Medication-Taking 
Adherence Scale (MMAS). Physicians estimated 
that almost all of their patients were fully compli- 
ant (95.4 %). On the other hand, 65.5 % of the 
women reported that they were compliant with 
their osteoporosis medications. Obviously, the 
correlation between physician and patient com- 
pliance ratings was very poor (p- <0.001) [12]. 

Finally, Copher and colleagues [13] studied 
412 physicians (a 22 % response rate out of 2000 
invited physicians) via questionnaire data to 
determine their perceptions of compliance and 
persistence of patients with prescribed osteopo- 
rosis medications. They looked as well at insur- 
ance coverage of these patients. Physicians 
estimated that 70 % of patients would comply 
with their medication prescriptions. Pharmacy 
claims data showed that nearly 49 % of patients 
had medications available for compliance and 
persistence (although we know that having medi- 
cation and taking medication are often different 
concepts). Thus, the findings from this study sup- 
port those from the others. Physicians appear not 
to know when their patients are being noncompli- 
ance and/or nonpersistence. If they don’t know, 
how can they remediate this problem? If any- 
thing, it may be that physicians spend little time 
talking to their patients about a medication, its 
side effects, how to take it correctly, or why it is 
so important. In addition, physicians may be 
unaware if patients have financial difficulties in 
paying for the medication, if they do not believe 
that they have osteoporosis or believe that 
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osteoporosis is insignificant, or if they do not 
believe in the efficacy of the medication in ques- 
tion. Perhaps physicians and other prescribers 
(physician assistants and nurse practitioners) 
would be able to assist in the war on nonadher- 
ence if they were aware of why patients are not 
taking their osteoporosis medications as directed. 

Given that the evidence of noncompliance and 
nonpersistence is overwhelming, prescribers and 
public health officials have tried to design inter- 
ventions to change osteoporosis medication 
behavior. Hiligsmann and colleagues [14] in 
Osteoporosis International completed a thorough 
review of published interventions to improve 
osteoporosis medication behaviors. Prospective 
studies reviewed occurred between 1/1/1999 and 
6/30/2012. Using a Delphi consensus methodol- 
ogy, the researchers selected the studies to 
include. Out of 113 possible articles, 20 studies 
were included in the analysis. After reviewing 
these studies, the authors noted in the discussion 
that the “efficacy of patient education was still 
uncertain” (p. 2911). Although several studies 
reported showing improvements in compliance 
or persistence [15], results appeared to be non- 
generalizable or the quality of the study was such 
that its findings were questionable. Some sug- 
gested that simplifying dosing or decision aids 
might help a little, but most resulted in only mar- 
ginal improvement. A later study similar to those 
reviewed here [16] tested nursing monitoring as a 
way of enhancing compliance and found that two 
telephone interventions over 12 months did not 
improve adherence significantly. 

Many of the usual educational interventions 
for improving medication behaviors are not 
effective in helping patients take their osteoporo- 
sis medication as directed. Why? In a 2011 
review of problems with compliance and persis- 
tence, Silverman and colleagues [17] made an 
intriguing suggestion about future strategies. 
“First, we need to better understand the process 
by which patients form intentions to take or not 
take recommended medication. Secondly, we 
need to understand the roles of patient time pref- 
erence in patient decision-making, which refers 
to the degree that patients are willing to expend 
resources such as time, money, or bother now to 
prevent adverse events such as fracture which 


may or may not happen in the future. We also 
need to understand patient risk preferences in 
terms of fracture risk and side effects.” (p. 24) 
Applying the HBM to what we know about 
osteoporosis patient challenges with medication 
behaviors will help us identify ways in which we 
can improve medication compliance and persis- 
tence in patients with this disease. 

Setting the Framework 
for Improvement: The Health 
Belief Model 

The HBM [18, 19] is a psychological model 
which explains and predicts human behavior 
around compliance and persistence with health- 
related tasks. First introduced in the 1950s to 
explain why widespread screening programs for 
tuberculosis failed [20], it has remained a key 
part of research on health behaviors and health 
beliefs. Although it was originally designed to 
examine preventive health behavior, it has been 
used to study illness behavior as well [21]. In 
general, it has been found useful for both of these 
tasks, although it does support a medical perspec- 
tive on compliance and persistence rather than a 
broader biopsychosocial one. However, no other 
theoretical model seems to come close to explain- 
ing the health and medication behavior of women 
with osteoporosis. 

The original HBM focused on four basic atti- 
tudes and beliefs of people about a particular dis- 
ease or condition [22]. Each of these components 
relates to how individuals view certain disease 
aspects and how that view (or perspective) influ- 
ences their health behaviors [22]. These four 
central constructs are as follows: perceived sus- 
ceptibility , perceived severity , perceived benefits , 
and perceived barriers. In other words, how 
much does the patient feel that the disease threat- 
ens her well-being and how will the benefits of 
acting (i.e., taking medications, beginning exer- 
cise, avoiding poor lifestyle behaviors) improve 
overall outcomes [23]? If the benefits exceed the 
threats, then the patient will be more likely to 
engage in positive health behaviors. These appear 
to be the components relevant to use of osteopo- 
rosis medication. 
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Table 1 7.1 Features of the health belief model 


Construct 

Definition 

Application 

Perceived susceptibility 

Individual assessment of vulnerability 
to the condition or disease 

Individual believes that she/he has 
some likelihood of developing the 
index disease 

Perceived severity 

Individual’s belief that the condition/ 
disease has serious consequences 

Individual believes that this disease 
has unpleasant aspects — pain, 
dysmobility, and deformity — that can 
cause suffering 

Perceived benefits 

Belief that taking action will reduce 
the negative disease impact 

Individual believes that behavior 
change will improve or prevent 
negative consequences such as pain 
and suffering 

Perceived barriers 

Belief that taking action has tangible 
and/or psychological costs 

Individual sees how barriers can be 
overcome through reassurance and 
assistance 


Table adapted from [22] 


In Table 17.1 below are the 4 HBM constructs 
with general definitions and applications of each. 

The HBM, as a guiding theory in research 
about chronic illnesses, focuses on two issues: 
patient attitudes and beliefs about the disease and 
patient benefits and barriers to carrying out appro- 
priate treatment. When asked about perceived sus- 
ceptibility and perceived severity in this model, 
patients respond with their perceptions of the sus- 
ceptibility and severity of the disease itself [23]. 
This model is relevant for people undergoing dial- 
ysis [24], diabetes [25], and cancer [26]. As noted 
in Table 17.1, this means asking questions such as, 
“How vulnerable am I to this disease? Will I con- 
tract it? What are the odds? If I do, how serious 
will it be? Are there ways to manage it?” 

HBM and Osteoporosis: Susceptibility 
and Severity 

Osteoporosis, like many other asymptomatic 
chronic illnesses, has unique challenges and bar- 
riers. Researchers have used the HBM to exam- 
ine different health-related behaviors for both 
prevention and treatment [27]. Remember that 
the focus of the model here is specifically to 
examine issues around compliance and persis- 
tence with prescription medications. Certainly 
other osteoporosis-related behaviors such as cal- 
cium and vitamin D, exercise, and avoidance of 
harmful lifestyle behaviors might also be framed 
in this model. 


Table 17.2 includes the HBM framework but 
includes osteoporosis-specific issues. Column 4 
contains specific osteoporosis applications of the 
first four constructs from the perspective of a 
Caucasian postmenopausal woman on corticoste- 
roids with a family history of osteoporosis which 
is at high risk of this disease. Column 5 lists spe- 
cific challenges to medication compliance and 
persistence that research has shown to be impor- 
tant potential causes of noncompliance. Again, 
the focus is on the original constructs of per- 
ceived susceptibility , perceived severity , per- 
ceived benefits , and perceived barriers. 

Many studies of the HBM focus on the disease 
as the driving issue: What is perceived suscepti- 
bility to the disease? What is the perceived sever- 
ity of the disease? What are the benefits of taking 
medication (or engaging in other positive health 
behaviors) to treat the disease? What are the per- 
ceived barriers to completing those important 
health behaviors? But I believe that, in the area of 
osteoporosis and its medications, patients have a 
different perspective. They wonder about certain 
aspects of osteoporosis (e.g., is it really a dis- 
ease? is it unavoidable?) but do not concentrate 
on the answers to these items. Instead, they ask, 
“How susceptible am I to side effects of medica- 
tions for osteoporosis? What are the conse- 
quences of taking the medications?” In terms of 
severity, patients ask, not about the disease but 
about the severity of medication side effects: 
“What harm can this medication do? How serious 
is this?” They are caught up in the popular press 
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Table 1 7.2 HBM and osteoporosis 


Construct 

Definition 

Application 

OP application 

OP example 

Perceived 

susceptibility 

Individual assessment 
of vulnerability to the 
condition or disease 

Individual believes 
that she/he has some 
likelihood of 
developing the index 
disease 

Postmenopausal white 
women and 
glucocorticoid users 
are at higher risk; 
mother had a hip 
fracture 

According to Hsieh 
et al. [28], most 
women do not 
perceive a personal 
risk of OP Believe it 
is a part of normal 
aging, not a disease 

Perceived 

severity 

Individual’s belief that 
the condition/disease 
has serious 
consequences 

Individual believes 
that this disease has 
unpleasant aspects — 
pain, dysmobility, 
and deformity — that 
can cause suffering 

People die of hip 
fractures; women 
develop dowager’s 
hump from spinal 
fractures; nursing 
homes are filled with 
women with OP 

According to 
McHorney et al. 

[29], side effects, 
cost, and uncertainty 
about necessity of 
treatment were 
important in 
noncompliance 

Perceived 

benefits 

Belief that taking action 
will reduce the negative 
disease impact 

Individual believes 
that behavior change 
will improve or 
prevent negative 
consequences such 
as pain and suffering 

Taking CA, vitamin D, 
doing exercise, and 
taking medications 
reduce the risk of 
experiencing a fracture 

Unclear what 
benefits exist 
because the side 
effect profiles have 
been so dominant in 
the news 

Perceived 

barriers 

Belief that taking action 
has tangible and/or 
psychological costs 

Individual sees how 
barriers can be 
overcome through 
reassurance and 
assistance 

I don’t like taking 
medicine; OP medicine 
causes terrible side 
effects; I hate needles; 

I need my coffee first 
thing in the morning 

Dosing regimen too 
difficult; dosing 
intervals too 
frequent or too 
difficult to 
remember 


myths about medication side effects and forget 
about the osteoporosis itself and the significant 
negative consequences such as pain, deformity, 
and reduced quality of life [30]. 

Perceived Susceptibility: Osteoporosis : Is it a 
disease? Since the first pharmaceutical agent 
designed specifically to treat osteoporosis 
appeared in the marketplace (alendronate, 1995), 
consumers and some general healthcare provid- 
ers have questioned the validity of the diagnosis 
of osteoporosis. The question is not whether it 
exists; people with multiple vertebral fractures or 
a hip fracture are evidence of bone thinning and 
fracture. The question is more whether osteopo- 
rosis is a disease (i.e., medical diagnosis) or sim- 
ply a natural consequence of aging. Many women 
believe that because their mothers and grand- 
mothers had dowager’s humps or broken hips and 
seemed unable to avoid its progression. So 
believing that osteoporosis is truly a pathological 


condition and neither a figment of big pharma- 
ceutical companies’ imaginations nor a normal 
consequence of aging is essential. If this is not a 
disease process, then why bother with diagnostic 
testing and pharmaceutical treatments? Only a 
disease to which someone is vulnerable should 
be treated with medications. 

If women search the Internet to determine 
whether osteoporosis is truly a disease, they will 
find oppositional opinions. On sites sponsored by 
the National Osteoporosis Foundation (NOF), the 
American Society of Bone and Mineral Research 
(ASBMR), the National Institutes of Health (NIH), 
or other science-based organization, they will find 
strong support for the disease perspective on 
osteoporosis and the need for prescription medica- 
tions to prevent future disease deterioration or 
fracture. However, they need only ask, “Is osteo- 
porosis REALLY a disease?” to be given links to 
sites such as Save Our Bones (http://saveourbones. 
com/osteoporosis-is-not-a-disease/) or a natural 
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way to health site with bone information (https:// 
w3.newsmax.com/newsletters/brownstein/osteo. 
cfm) which tells readers that Big Pharma is lying 
to them in order to make a profit. 

In short, many women read these websites and 
other sources of the “osteoporosis is not a dis- 
ease” paradigm and believe that their primary 
susceptibility is to believing the medicalization 
of osteoporosis. In other words, they view osteo- 
porosis medicines, not osteoporosis, as the threat. 

Osteoporosis: My mother and grandmother had 
it. That means I’ll get it... right? 

Perceived Severity: Do potential side effects 
cause people to become noncompliant with all 
osteoporosis medications ? Women hear the mes- 
sage that osteoporosis medications are dangerous 
in and of themselves. Early postmarketing use of 
bisphosphonates revealed a substantial number 
of GI problems (especially in the esophagus) that 
hadn’t been seen in the randomized Phase III tri- 
als. However, the trials had excluded people with 
GI disease, so the investigators had no way of 
knowing how or whether this medication could 
have such consequences. Patients and providers 
became concerned about these outcomes but ini- 
tially had few options because other medications 
were not available. Recent studies suggest that 
oral bisphosphonates increase the risk of upper- 
and lower-GI side effects [31]. However, it is 
credible that these reports have consistently con- 
tributed to the reduction in compliance and per- 
sistence with alendronate treatment. 

As time went on and more bisphosphonates 
were brought to market, additional side effects 
were identified. The three most significant side 
effects received media coverage and became so 
frightening that many women elected not to take 
antifracture medication at all rather than take a 
chance that they would experience of these. The 
first, osteonecrosis of the jaw ( ONJ ), appeared in 
the scientific literature as potentially caused by 
bisphosphonates in 2003 when Ruggiero and col- 
leagues [32] published the first peer-reviewed 
article in which they described 63 case studies of 
patients who had received bisphosphonates and 


also presented with ONJ. This article has subse- 
quently been cited by over 1500 additional arti- 
cles on the same topic. Because this caused a 
maelstrom of concern by patients and dentists 
alike, the ASMBR established a Task Force on 
ONJ and ultimately published a report from it in 
2007 [33]. This Task Force noted that the risk of 
ONJ was estimated to be between 1 in 10,000 and 
<1 in 100,000 patient- treatment years. They also 
stated that patients with cancer who received 
high-dose IV bisphosphonate therapy had a sub- 
stantially higher risk (1-10 per 100 patients) 
depending on the duration of the therapy. 
Subsequent research supported these findings, 
but the media ran headlines such as, “Drug for 
Bones Is Newly Finked to Jaw Disease” ( New 
York Times , 6/2/2006) or “Study Finks 

Osteoporosis Drugs to Jaw Trouble” ( Washington 
Post , 1/1/2009). Not surprisingly, people on or 
contemplating taking these drugs expressed con- 
cern about their impact, and many never started 
them or quit immediately. 

A second major and potentially frightening 
side effect of bisphosphonates that has contrib- 
uted substantially to the reduced number of 
bisphosphonate users is the atypical femur frac- 
ture. Atypical subtrochanteric fractures were 
identified in women who had been on long-term 
bisphosphonates [34]. The first reports came 
out in the early 2000s, and ASBMR had estab- 
lished a Task Force on this topic as well, and its 
report was published in 2010 [35]. In it, the 
authors noted that these fractures occurred in 
some people who had been on long-term 
bisphosphonate therapy (mean duration = 7 
years) and appeared more frequently in those 
people with glucocorticoid-induced osteoporo- 
sis than in postmenopausal osteoporosis. Again, 
like ONJ, these fractures are extremely rare (2 
per 100,000 cases per year for 2 years of BP use 
to 78 per 100,000 cases per year for 8 years of 
BP use) [36]. 

Other potential side effects including atrial 
fibrillation and osteosarcoma add to the growing 
list of potential negative consequences of taking 
bone strengthening medications as portrayed by 
the media (see New York Times, Wall Street 
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Journal). The media have jumped on the band- 
wagon, telling women that these medications are 
not safe and implying that the side effects are 
more prevalent than they really are. In addition, 
websites such as https://www.lawyersandsettle- 
ments.com/lawsuit/bisphosphonates-side- 
effects-lawsuits.html and http ://w ww.youhaveala- 
wyer.com/bisphosphonates/ offer legal services 
to patients who want to sue the makers of these 
drugs in class action litigation. 

Perhaps, it is no wonder that many osteopo- 
rosis patients stop taking their medications as 
directed (or never start them). Barraged on all 
sides by conflicting but threatening informa- 
tion about the consequences of these drugs, 
they hear terms such as “cancer” and “jaw 
death” and decide not even to listen to the 
information provided by legitimate prescrib- 
es. Although the American Dental Association 
convened an expert panel which agreed that 
ONJ was very rare and recommended that den- 
tists not modify routine dental work based only 
on the fact that a patient was taking a bisphos- 
phonate [37], anecdotal evidence suggests that 
many community dentists are recommending 
that patients stop bisphosphonate therapy alto- 
gether; some will not treat patients on oral or 
IV bisphosphonates. Unfortunately, the expert 
panel advice has not disseminated through the 
dental community or to dental patients; instead, 
the communications of some practicing den- 
tists have added confusion and incorrect infor- 
mation to the question of bisphosphonate 
treatment for osteoporosis. 

Thus, it appears to be the severity of side 
effects of the medications rather than osteoporo- 
sis itself which influences women in choosing to 
become noncompliance and nonpersistent. That 
osteoporosis patients and those at risk of this dis- 
ease fear the consequences of treatment more 
than they fear the disease itself is remarkable. 

Perceived Benefits: Positive outcomes of tak- 
ing osteoporosis medications. Health behav- 
iors are directed by many factors. An obvious 
example that promotes compliance and persis- 
tence with medications are benefits from tak- 


ing medications. In some areas, this is easy to 
see. If you have a headache, take a pain medi- 
cation, and the headache disappears. That is a 
benefit. If you suffer from diabetes, then insu- 
lin prevents your blood sugar from getting too 
far out of balance to avoid diabetic coma or 
insulin shock. Because these negative out- 
comes are obvious to patients, their benefits 
are easily identified. This is true for many 
symptomatic problems from colds to 
constipation. 

Unfortunately, the positive changes in bone 
that result from compliance and persistence 
with osteoporosis medications are more subtle 
and cannot be immediately perceived by 
patients after they take medication. The scien- 
tific literature is replete with empirical and 
review articles that discuss the ways in which 
antifracture medication works and benefits the 
patients. 

Perceived Barriers: Complexity of dosing 
regimens. According to the HBM, patients 
who are noncompliance with their medication 
regimens often make this choice based on 
insurmountable barriers they see to the suc- 
cessful medication behaviors. In particular, 
the unusual dosing regimen of oral bisphos- 
phonates inspires many patients to reject these 
medications before even trying them or 
shortly after beginning them. The rigid ritual 
of taking these medications first thing in the 
morning on an empty stomach with 6-8 
ounces of plain water is seen as distasteful. 
Add to that the delay in eating or drinking 
anything else for 30-60 min and needing to 
remain upright (not reclining) for 30 min as 
the final reason for rejecting these medica- 
tions. Other medications, including teripara- 
tide, monthly ibandronate, denosumab, and 
zoledronic acid, require the use of an injec- 
tion/infusion — sometimes as frequently as 
daily. Depending on their personal fears and 
beliefs, those with osteoporosis feel burdened 
by this regimen and believe that they cannot 
successfully sustain these rituals over time. 
Thus, perceived serious side effects and diffi- 
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Table 1 7.3 FDA-approved osteoporosis medications by dose duration and delivery method 


Medication 

Dose frequency 

Delivery method 

Approval date 

Alendronate 

Daily a 

Oral 

1995 

Weekly a 

Oral 

2000 b 

Risedronate 

Daily a 

Oral 

2000 

Weekly a 

Oral 

2002 cd 

Monthly 3 

Oral 

2012 

Ibandronate 

Monthly 3 

Oral 

2005 ef 

Every 3 months 

IV injection 

2006 

Zoledronic acid 

Annually 

IV infusion 

2007 

Raloxifene 

Daily 

Oral 

1997 g 

Teriparatide 

Daily 

Subcutaneous self-injection 

2002 

Denosumab 

Every 6 months 

IV injection 

2010 


a Complex bisphosphonate dosing: first thing in the morning on an empty stomach; take with 6-8 oz. of plain water; wait 
at least 30 minutes until eating or drinking; do not recline for 30 min 
b In 2005, weekly alendronate plus vitamin D was FDA approved 
c In 2005, weekly risedronate with calcium was FDA approved 

d In 2011, a delay ed-release once-weekly tablet of risedronate (could be taken after breakfast) was approved under the 
brand name of Atelvia 

e Daily oral ibandronate was approved in 2003 but never marketed in the United States 
f In 2006, quarterly injectable ibandronate was FDA approved 
g Approved in 2007 to reduce the risk of invasive breast cancer 


cult dosing regimens encourage many patients 
not to take their osteoporosis medication. 

Dosing Interval and Drug Delivery 
Systems Knowing that the bioavailability of oral 
bisphosphonates is poor even under the best cir- 
cumstances and how important it is for patients to 
take these medicines correctly, pharmaceutical 
researchers began searching out ways to maxi- 
mize the likelihood of compliance and persis- 
tence. They hypothesized that patients, disliking 
the dosing regimens of these drugs, would be 
more likely to follow them if easier dosing 
options were offered [38]. 

Given that they could not change the strict 
regimen for taking oral bisphosphonates, phar- 
maceutical researchers concentrated on dosing 
duration as a means by which to enhance patient 
compliance and persistence. The first two oral 
bisphosphonates (alendronate and risedronate) 
went from daily to weekly dosing. Marketers 
believed that having to delay coffee or breakfast 
once a week rather than every morning would be 
viewed as a major improvement. In Table 17.3, 


osteoporosis medications approved in 1995 or 
later are listed with frequency of dosing and dos- 
ing method, and additional relevant information 
is provided. 

Studies began almost immediately to determine 
whether the different dosing durations also dif- 
fered in their compliance and persistence rates. 
With alendronate and risedronate, weekly dosing 
showed significant improvement in compliance 
and persistence over daily dosing [39, 40] . Initially, 
it appeared that patients preferred a monthly 
bisphosphonate to weekly dosing [41]. However, 
when patients were told about efficacy differences 
in the monthly (ibandronate) as opposed to weekly 
(alendronate, risedronate), this was no longer the 
case [42, 43]. Other studies reported that database 
studies showed better adherence with monthly 
over weekly dosing intervals [44], but little addi- 
tional empirical evidence was found. 

Although, it was convenient to believe that 
infrequent dosing would improve compliance 
and persistence with antifracture medication, Lee 
and colleagues [45] reviewed published articles 
between 1970 and 2009 to see if this variable 
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(i.e., time to next dose) was truly making a dif- 
ference in medication behaviors. In an outstand- 
ing article, these researchers agreed that there 
was a clear trend that weekly medications had 
better compliance and persistence than daily 
medications but that the longer intervals did not 
make a significant difference in compliance. 
They suggest that efficacy, side effects, and 
administration route are far more important to 
compliance and persistence than is dosing inter- 
val. And some studies show that even the annual 
dosing of zoledronic acid is no guarantee of per- 
sistence with this medicine over time [46] . And 
the consequences of a single missed dose with a 
yearly interval are substantially more concerning 
than those of a daily, weekly, or even monthly 
medication. 

Finally, many healthcare providers believed 
that patients would prefer any oral dosing over 
injectable dosing, regardless of the dosing inter- 
vals. As noted above, zoledronic acid, the 
bisphosphonate delivered via a once-yearly infu- 
sion, has not solved the problem of noncompli- 
ance and persistence with osteoporosis 
medications [46]. But the other two drugs (teripa- 
ratide and denosumab) which are injectable/ 
infusible and have no oral option are not bisphos- 
phonates. Teriparatide is a recombinant human 
parathyroid hormone analog (1-34) designed to 
treat osteoporosis. It is the only anabolic or bone- 
building drug currently available; all others are 
antiresorptive medications. It requires a daily 
dose, self-injected by patients. In addition, it can 
be taken safely for a maximum of 24 months. 
These factors might well cause patients to be 
intentionally noncompliant for safety and com- 
fort reasons alone. However, research shows that 
compliance and persistence with teriparatide are 
relatively high, especially when compared with 
oral bisphosphonates [47-49]. 

Although denosumab is a more recently 
approved (2010) medication and requires subcu- 
taneous injections every 6 months, compliance 
and persistence have been positive. The DAPS 
(Denosumab Adherence Preference Satisfaction) 
study was a 2-year, open-label study in which 
patients were randomized to take either alendro- 
nate or denosumab for the first year. Patients 


crossed over to the other drug for the second year. 
Investigators measured both compliance and per- 
sistence and found that both were significantly 
better with denosumab as a subcutaneous 
6-month injection than with oral weekly alendro- 
nate [50]. In addition, patients reported prefer- 
ence for denosumab over alendronate for their 
own long-term treatment. As noted by Freemantle 
et al. [51], patient preference may have also 
increased compliance and persistence with this 
medication. In a subsequent article, Kendler and 
colleagues [52] compared patient perceptions 
and adherence between denosumab and alendro- 
nate. They found that patients had more positive 
perceptions of denosumab over alendronate 
while on treatment and that those positive per- 
ceptions were associated with better adherence 
for every 6-month injectable denosumab than 
with weekly oral dosing alendronate. 

These findings show that extended dosing was 
not the magic bullet for compliance and persis- 
tence with osteoporosis medication. Although 
compliance and persistence with weekly dosing 
was better than with daily dosing with oral 
bisphosphonates, longer dosing intervals did not 
guarantee improved compliance and persistence 
and, in some cases, made it worse. Thus, unlike 
dosing complexity, dosing interval appears not to 
be a significant barrier to taking osteoporosis 
medications correctly. 

Disease Threat or Medication Threat 

The questions above and their answers help indi- 
viduals understand their risk of their disease and 
its impact should they receive such a diagnosis. 
The ultimate conclusion they reach from these 
answers is called the disease threat. With diseases 
such as cancer or heart disease, the threat seems 
clear. But as noted in many studies, the vast major- 
ity of patients with or at significant risk of osteopo- 
rosis view its disease threat as very low. Table 17.4 
is modified from Fig. 1 in Jachna et al. [53]. 

Ordinarily, when someone believes a disease 
threat is low, that person is unlikely to make pre- 
ventive efforts. This is certainly true with osteo- 
porosis patients or people with low bone density 
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Table 17.4 Perceived susceptibility to and severity of 


osteoporosis 

Perceived severity of 
osteoporosis 

Perceived susceptibility 
to osteoporosis 

Part of the normal process of 
aging 

Chronic disease with few 
consequences 

Not life-threatening 

Not severe if no 
kyphosis or pain 

Lack of relationship to 
fractures 

Not much can be done 
to avoid it 


Low perceived severity and low perceived 
susceptibility of osteoporosis lead to 
low perceived threat of osteoporosis 


who often find it difficult to engage in behaviors 
like exercise when their disease risk is minimal 
[54-56]. According to the HBM, the relatively 
low perceived severity and low perceived sus- 
ceptibility that women have about osteoporosis 
suggest that they will be noncompliant and non- 
persistent with their medications. One of the few 
ways that might work is to educate women about 
the consequences of this disease and especially 
of fractures. 

However, while many women feel that the 
threat of osteoporosis is low and therefore so are 
the threats associated with disease consequences 
(fractures), they have a different perspective 
toward the medications used to prevent and treat 
this disease. Throughout the lay and scientific lit- 
erature, we see that women feel highly threatened 
by the medications themselves. The specific 
threats of these medications (and especially of 
oral bisphosphonates) are documented and dis- 
cussed below. But if we modify the HBM struc- 
ture to focus on the threats and severity of 
osteoporosis medications, we see that perceived 
risk changes radically. The medications are seen 
as potentially harmful, unnecessary, and useless. 
In Table 17.5, we see the same approach with 
“medications” substituted for “disease.” 

In an excellent 2013 article, Schousboe [8] 
examines osteoporosis compliance and persis- 
tence using the HBM. He points out a fascinating 
phenomenon. In five of the six studies using the 
extended HBM found an important additional 
predictor that has not previously been included as 
a part of this model: concerns about or distrust in 


Table 17.5 Perceived susceptibility to and severity of 


osteoporosis medications 

Perceived severity 
of osteoporosis 
medications 

Perceived susceptibility to 
side effects 

Medications cause 
cancer, ONJ, atypical 
femoral fractures 

My doctor said I already 
have GERD (60 % of 
adults), and I am very likely 
to suffer from GI problems 

Chronic use can lead 
to upper GI problems, 
blood clots (especially 
if you have a history 
of blood clots), and leg 
pain 

Another set of side effects 
for men taking Prolia: back 
pain, arthralgia, and 
nasopharyngitis. I already 
have back pain from 
fractures; will this make it 
worse? 

In addition you can 
have nausea, difficulty 
swallowing, and hot 
flashes 

A shot every single day? 

I HATE needles 

There are probably 
worse side effects than 
we even know about 



Leads to 

INCREASED PERCEIVED THREAT OF 
OSTEOPOROSIS MEDICATION 


Modified from Jachna et al. [53] 

medications. It is this distrust or concern that 
fuels the poor compliance and persistence with 
these medications [29, 57-60]. 

In order to be compliant with medications for 
a chronic illness, most patients need to believe 
that (1) they have a health problem that won’t go 
away by itself and will only get worse without 
treatment, (2) that osteopathic or other non- 
pharmaceutical treatments will not be effective in 
treating the disease, and (3) that prescription 
medication for this condition will not be harmful 
[8]. In truth, many osteoporosis patients never 
get to the point of belief that osteoporosis is an 
illness rather than a part of aging and therefore 
doesn’t need medication. Those who do accept 
that this is a disease then move into reasoning 
that leads to the potential conclusions outlined 
above. When asked what makes them believe 
that the medicine for osteoporosis is so bad, peo- 
ple usually respond with one of two answers: the 
media (Internet searches, blogs, e-mails) or 
friends or relatives who take the medicine or who 
know someone who took the medicine. 
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The Future 

The field of osteoporosis treatment has moved 
from estrogen supplementation as the only viable 
therapy to the virtual panoply of medications that 
currently exists. Within that panoply, physicians 
have different delivery systems, dosing regimens, 
and mechanisms of action. In addition, the pipe- 
lines of various pharmaceutical companies have 
new options that will create other choices for the 
future. The blossoming of alternatives for the 
prevention and treatment of this metabolic bone 
disease has been nothing short of remarkable. 
And yet, the truth is that, of the 54 million people 
in the United States who have low bone mass or 
osteoporosis (http://nof.Org/articles/4), only a 
fraction even receive treatment and fewer still 
continue to take their medications for an appro- 
priate length of time. Writing a prescription for 
anti-osteoporosis medications cannot be consid- 
ered treating these patients, for so many do not 
follow the treatment regimens their physicians 
prescribe. Study after study has documented the 
poor compliance and persistence with these med- 
ications, but no one has come close to finding 
ways to keep those with osteoporosis on their 
pharmaceutical regimens. 

So where to from here? There seems to be lit- 
tle point to finding new medications for this dis- 
ease as long as patient perceptions about the 
medications are so negative. Simple — and even 
complex — educational interventions have not 
changed those perceptions. Even celebrity 
spokespersons have not overcome the powerful 
myths that continue to turn patients away from 
medications that could — and almost certainly 
would — improve bone health. 

Remember that noncompliance and nonpersis- 
tence are NOT unique to osteoporosis. Virtually, 
any chronic disease that requires ongoing pharma- 
ceutical treatment faces the same challenges to 
medication behaviors. As the baby boomers con- 
tinue to move into late life, medical personnel will 
be faced with the problem of atraumatic fractures 
and the rigid refusal to comply with physician 
orders. The answer is almost certainly not to be 
found in laboratories or via large surveys. Instead, 
we must dig deeper into individual health beliefs 


and the ways in which social factors (e.g., educa- 
tion, income, race, and age) and psychological fac- 
tors (locus of control, anxiety, and self-image) 
affect those beliefs. In the distant past, researchers 
believed that the only reason patients were not 
compliant with medication was that they forgot it. 
Neupert and colleagues [61, 62] suggest that 
understanding the context of an individual’s life is 
best for finding out how and when medication 
behaviors should take place. 

Instead of simple forgetfulness, we realize 
today that noncompliance and nonpersistence are 
complex phenomena, biopsychosocial in nature. 
Although we can identify barriers to compliance 
with great confidence, we have yet to solve this 
mystery. Future research must be aimed at disen- 
tangling those factors which contribute to non- 
compliance and then, most importantly, finding a 
way to modify both patients’ behaviors and 
patients’ beliefs. Only then will we truly be treat- 
ing osteoporosis and other chronic illnesses. 
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Summary 

• Patients with osteoporosis are more likely to 
suffer fragility fracture. 

• Medications to treat osteoporosis decrease 
risk of future fracture. 

• What is effect of osteoporosis medications on 
fracture healing? 

• No osteoporosis medications have been 
shown to delay fracture healing with the 
exception of bisphosphonates after stress 
fractures. 

• Anabolic agents (PTH, anti-sclerostin anti- 
body) may accelerate fracture healing. 

• It is safe to start osteoporosis medications 
immediately after fracture with the exception 
of IV bisphosphonates, which should be 
started after a 2-week holiday. 

• New drugs are currently being studied in ani- 
mal and clinical trials for their safety and 
efficacy. 
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Introduction 

Fragility fracture prevention is the primary 
purpose of osteoporosis treatment [1]. While 
some patients are already taking medications for 
osteoporosis at the time of their fragility fracture, 
many patients are first diagnosed with osteoporo- 
sis after a fragility fracture. One of the greatest 
predictors for future fragility fractures is prior 
fracture, and therefore it is imperative that 
patients be placed on medications for osteoporo- 
sis as quickly as possible after their fragility frac- 
ture [2]. There are many good treatment options 
available for osteoporosis, but because these 
medications act on bone metabolism and decrease 
the risk of fracture, it is reasonable to believe that 
their mechanism of action could also affect frac- 
ture healing. So which drugs are safe to use dur- 
ing fracture healing and how soon after a fracture 
should they be started? 

In this chapter, we review the current litera- 
ture surrounding osteoporosis medications and 
their effect on fracture healing in the osteoporotic 
patient. Many of the questions surrounding anti- 
resorptive and anabolic therapies in the period 
immediately surrounding a fracture are still 
unanswered, but it is clear that these medications 
help to prevent the occurrence of future fractures. 
Therefore, it is imperative that we understand 
how these medications effect fracture healing, as 
our patients should be given the opportunity to 


© Springer International Publishing Switzerland 2016 

S.L. Silverman, B. Abrahamsen (eds.), The Duration and Safety 

of Osteoporosis Treatment , DOI 10.1007/978-3-319-23639-l_18 


255 


256 


E. Kupperman and S.V. Bukata 


take their medications as soon as possible once it 
is safe to do so. As long as the effect on fracture 
healing is at least neutral, these medications 
should be restarted or begun immediately follow- 
ing a fracture. If the effect on fracture healing is 
negative, then it must be determined how long 
patients must wait before their medications can 
be safely begun. 


How Fracture Healing Occurs 

The three main stages of fracture healing are (1) 
inflammation, (2) repair, and (3) remodeling [1]. 
All fractures pass through these three stages, but 
the mechanisms used to achieve fracture healing 
can vary depending upon the size of the fracture 
gap and the stability of the fracture. The inflam- 
matory phase begins within the first 24 h after a 
new fracture. First, a hematoma emerges around 
the site of the fracture which carries with it 
hematopoietic cells including macrophages, 
neutrophils, and platelets. These cells each 
release their own hormones and growth factors 
that aid in attracting more cells to the region and 
beginning the reparative process. Later in the 
inflammatory phase, fibroblasts and mesenchy- 
mal cells migrate to the fracture in order to begin 
the formation of granulation healing tissue. 
Finally, osteoblasts and fibroblasts dominate as 
new matrix is laid down. 

In the reparative phase, fracture healing can 
occur by one of two pathways. Primary fracture 
healing occurs when the two sides of a fracture 
are in direct contact with each other on a micro- 
scopic level, and the fracture is essentially 
mechanically stable. Primary bone healing in 
many ways resembles normal bone remodeling. 
Osteoclasts directly cross the fracture site with 
cutting cones, and osteoblasts follow, essentially 
remodeling away the fracture site. Healing that 
occurs with stress fractures is a good example of 
this. Most fractures heal in a way that resembles 
development, with endochondral bone formation. 
A fracture with a material gap has some micro- 
motion, and a cartilage callus forms at the frac- 
ture site replacing the hematoma and fibrous 
tissue, often within the first 2 weeks after fracture. 


This is called the soft callus. As the cartilage 
gradually becomes calcified over the next few 
weeks, it begins to be overlaid with bone. This is 
called the hard callus. Finally, the entire callus is 
gradually remodeled to bone to complete healing. 
Much of this remodeling occurs via osteoblasts 
and osteoclasts and is governed by Wolff’s law, 
meaning the remodeling occurs in response to 
mechanical stress. This remodeling stage of frac- 
ture healing begins only a few weeks after the 
fracture but is sustained for many months until 
the fractured bone realizes its final structure. 


Effect of Specific Antiresorptive 
Therapies on Fracture Healing 

Antiresorptives 

Bisphosphonates 

Bisphosphonates are one of the most widely used 
of the osteoporosis medications. Their main 
mechanism of action is through the inhibition of 
osteoclastic activity, thereby slowing bone 
resorption and remodeling [2]. The interaction 
between bisphosphonates and fracture healing is 
widely studied in animal models, but there are 
few human studies, so clinical decision-making 
should still be made with care. Bisphosphonates 
do not appear to have a major effect on the initial 
phases of fracture healing, including the ability to 
form cartilage callus. However, bisphosphonates 
do effect the remodeling phases of fracture heal- 
ing, both from cartilage callus to bony callus and 
then the final remodeling to lamellar bone. Both 
human and animal studies have shown that frac- 
ture healing while on bisphosphonate therapy 
leads to a larger callus volume, and because there 
is a greater quantity of cartilage present com- 
pared to the callus seen in control subjects, there 
is concern that it may be weaker. Biomechanical 
testing of this callus shows that on a microscopic 
level, the strength of a section of the callus is 
decreased compared to a similar sized section of 
normal callus, but macroscopically because there 
is a larger quantity of callus, the entire callus is 
biomechanically equivalent to normal callus. To 
date, there are no studies that show that short-term 
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administration of bisphosphonates leads to any 
negative clinical results in fracture healing [3]. 
Below, we summarize some of the seminal publi- 
cations pertaining to particular bisphosphonates 
and how they affect fracture healing. 

Zoledronate 

Of the bisphosphonates, zoledronate is the most 
efficient inhibitor of osteoclastic bone resorption, 
making it an ideal candidate for aiding in fracture 
healing. Zoledronate was shown in a randomized 
prospective blinded study by Lyles et al. to be 
associated with decreased risk of fracture as well 
as decreased mortality following osteoporotic hip 
fracture surgically repaired. Those patients 
receiving an infusion of zoledronate within 90 
days of surgery had a 35 % risk reduction of frac- 
ture in the follow-up period of the study as well 
as a 28 % reduction in all-cause death [4]. 

The role of zoledronate in fracture healing has 
also been studied but is not as promising as its 
role in reducing future fractures. In a model of 
fibular osteotomies in rabbits, Matos et al. dem- 
onstrated that rabbits receiving a single dose of 
zoledronate demonstrated increased stimulation 
of primary bone production, but with decreased 
remodeling [5]. These rabbits treated with zole- 
dronate had smaller areas of callus formation at 1 
week and increased trabecular bone volume, 
increased woven bone quantity, and decreased 
periosteal fibrosis when compared to control rab- 
bits at 4 weeks. McDonald et al. showed similar 
findings in a rat femur fracture model with 
increased callus volume and delayed remodeling. 
This study did not demonstrate any delay in 
endochondral ossification, just a delay in remod- 
cling [6]. 

Studies following fracture healing in humans 
have shown that zoledronate does not accelerate 
or enhance fracture healing. Patients receiving a 
single dose of zoledronate after osteoporotic hip 
fracture were shown to have a reduced risk of 
subsequent fracture as well as all-cause mortality, 
but their time to healing was not significantly 
reduced. Healing time was also not found to be 
delayed. In a study by Colon-Emeric et al. the 
risk of delayed union was identical between those 
receiving the infusion and those receiving a 


normal saline infusion [7]. In an article by 
Harding et al., patients who had high tibial oste- 
otomies were placed in one of two groups: a sin- 
gle infusion of zoledronate 4 weeks after surgery 
or a placebo group who received an infusion of 
normal saline. No differences were observed 
between the two groups in terms of time to heal- 
ing, bone mineral density (BMD), or retention of 
angular correction. These results were different 
than those seen in a previous animal model [8]. 

Pamidronate 

Pamidronate is a bisphosphonate used primarily 
in the care of patients with moderate to severe 
osteogenesis imperfecta (01). There are a number 
of studies assessing fracture healing of patients 
on pamidronate, but this is in a specialized popu- 
lation, not necessarily generalizable to those with 
osteoporosis. One study by Munns et al. found 
that pediatric patients with 01 who were on pami- 
dronate had no statistically significant difference 
in rates of healing of fractures but did demon- 
strate a delayed healing of surgical osteotomy 
sites [9]. A study in a similar population by 
Pizones et al. showed that pamidronate also did 
not interfere with fracture healing in pediatric 01 
patients [10]. 

While its primary use is in patients with 01, 
pamidronate has also been studied for its biome- 
chanical effects on fracture healing in rats. A 
study by Amanat et al. of rats given an open oste- 
otomy was divided into four arms: saline control, 
systemic pamidronate, and two different dosages 
of local pamidronate and then assessed for heal- 
ing at 6 weeks. In these rats, those with the single 
systemic dose of pamidronate had larger volume 
of callus, higher bone mineral content (BMC) of 
callus, and 60 % greater strength than the saline 
control group [11]. This result, of course, is not 
indicative of faster healing, simple increased 
bony growth. 

Clodronate 

Studies on the bisphosphonate clodronate have 
also been performed. Studies of osteotomies on 
rats were done by Madsen et al. and demonstrated 
increased BMD around the fracture site for those 
rats taking clodronate, but they did not find any 
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significant difference between the groups when it 
came to callus area, volume, strength, or stiffness 
[12]. Similar results were obtained in a study of 
osteoporotic women with distal radius fracture 
who were given clodronate in a paper by 
Adolphson et al. They found that BMD was also 
increased in the experimental group but interest- 
ingly that the BMD in a more proximal aspect of 
the injured radius was significantly reduced in 
those receiving the drug [13]. 

Alendronate 

Alendronate is the most widely studied of the 
bisphosphonates in models of fracture healing. It 
has shown increased volume of callus and BMC 
when compared to controls in mouse models, as 
well as greater strength and stiffness [14]. 

A study of a mouse mid- shaft femoral osteot- 
omy by Saito et al. looked at callus formation and 
type of bone present at 12 weeks in four groups 
of animals: sham surgery, ovariectomy, ovariec- 
tomy with calcitriol, and ovariectomy with alen- 
dronate. They found that those with alendronate 
had a larger volume of callus, increased enzy- 
matic cross-linking, and greater strength, but had 
delay in converting woven bone into lamellar 
bone causing no new cortical shell to appear [15]. 
Similar to the Saito study, Lu et al. looked at 
ovariectomized rats which were treated with 
alendronate before and after osteotomy. They 
also found an increased volume of callus in the 
treated group with improved strength but with a 
lower density of bone and a delay of conversion 
from woven to lamellar bone [16]. 

A study by Uchiyama et al. evaluated whether 
early administration of alendronate slowed heal- 
ing by causing a delay in conversion to cortical 
bone. Half of the osteoporotic patients with distal 
radius fractures were randomized to receive alen- 
dronate within days of surgery and half were held 
without the medication for 4 months following 
surgery and then given alendronate. There were 
no significant differences found between the two 
groups in terms of any of the endpoints assessed 
including time to cortical bridging, tenderness, 
grip strength, or range of motion [17]. Alendronate 
is considered safe for administration in the period 
immediately following a fracture, but although it 


does increase callus volume, it does not lead to 
faster time to complete healing. 

General Bisphosphonates 

Some studies on fracture healing do not specify 
by type of bisphosphonate as they are retrospec- 
tive, but they still may draw noteworthy conclu- 
sions, and we wanted to be able to share them 
here. Rozental et al. compared radiographic heal- 
ing of distal radius fractures on those who were 
taking a bisphosphonate at the time of injury and 
those who were not. They found a statistically 
significant increase in time to healing of about 1 
week in those on antiresorptive therapy versus 
those not on medical therapy [18]. While their 
result was statistically significant, it may not be 
clinically relevant. 

Similar to the Uchiyama study, a paper by 
Gong et al. looked at elderly patients with distal 
radius fractures treated with locking plate fixa- 
tion and assessed if there was any difference in 
healing or clinical outcomes with either early 
(2 weeks after surgery) or late (3 months after 
surgery) administration of bisphosphonates. 
They, too, found no differences with respect to 
either radiographic or clinical outcomes of heal- 
ing [19]. The same result was found in a paper by 
Kim et al. looking at risedronate treatment after 
fixation of intertrochanteric femoral fractures 
[20]. Savaridas et al. looked at a rat model with 
rigid fixation of a tibial osteotomy specifically to 
evaluate if ibandronate administration delayed 
primary bone healing, the type of healing that 
occurs in stress fractures. The study showed more 
cartilaginous like tissue and undifferentiated 
mesenchymal tissue present in the fracture site 
with delayed healing in the bisphosphonate- 
treated animals, suggesting that bisphosphonates 
do delay the healing of stress fractures [21]. No 
randomized trials looking specifically at human 
healing of stress fractures with bisphosphonate 
administration have been published to date. 

Estrogens 

Estrogen has potentially favorable effects on 
fracture healing, being both anabolic as well as 
anti-catabolic. Like bisphosphonates, estrogen 
and selective estrogen receptor modulators 
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(SERM) are a common medication used in the 
treatment of osteoporosis, and therefore studying 
their effects on fracture healing is imperative. 
Also like bisphosphonates, no studies are cur- 
rently in print demonstrating negative effects on 
fracture healing from short-term use of estrogen 
or estrogen-modifying compounds [3]. 

Estrogen 

It has been previously demonstrated that estrogen- 
deficient mice, primarily by way of ovariectomy, 
have increased osteoclastic bone resorption. 
Estrogen replacement, on the other hand, has 
reversed this effect and caused these ovariecto- 
mized mice to return to normal levels of osteo- 
clast bone resorption [22]. A study by Beil et al. 
took mice and performed femoral fractures. These 
mice were then separated into three groups: those 
which received estrogen, those which were made 
estrogen-deficient by way of ovariectomy, and 
those which were left alone to heal as the control 
group. Those mice that had an ovariectomy were 
found to have impaired periosteal callus forma- 
tion, a smaller area of chondrocytes, and less dis- 
tinctive mineralization, as well as a thinner and 
more porous cortex. Those mice that received 
extra estrogen in the form of a continuous infu- 
sion had the opposite effect (better fracture heal- 
ing, increased area of chondrocytes, more distinct 
mineralization, and thicker cortex) [22]. 

Raloxifene 

Raloxifene, a SERM, has shown similar effects 
on bone metabolism and fracture healing as 
estrogen due to its role as an estrogen agonist on 
bone. In a retrospective database analysis by 
Foster et al., those osteoporotic patients receiving 
raloxifene had lower rates of vertebral fractures 
at all time points studied (1, 3, 5, and 7 years) and 
had lower rates of non- vertebral fractures at 1 and 
5 years [23]. More recent studies have examined 
raloxifene’s role in fracture healing in addition to 
its role simply as a treatment for osteoporosis. 

Stuermer et al. were the first to study the effect 
of raloxifene on fracture healing in a model of an 
osteoporotic mouse. They performed tibial 
metaphyseal osteotomies that were then plated 
with a T-type fixation device for biomechanical 


stability. Their mice were placed in one of four 
groups, namely, ovariectomy, raloxifene-treated 
after ovariectomy, estrogen-treated after ovariec- 
tomy, or no treatment at all after a sham opera- 
tion, and subsequently were evaluated for healing 
of the tibial metaphyseal osteotomy. In their 
study, the researchers found that the fractures in 
both estrogen- and raloxifene-treated mice could 
withstand higher loads than the ovariectomized 
mice. In addition, raloxifene treatment was asso- 
ciated with significantly greater total callus for- 
mation [24]. 

Similar to the previous study, Spiro et al. per- 
formed a femoral diaphyseal osteotomy in mice 
which were then separated into one of four 
groups: ovariectomy, raloxifene-treated, estrogen- 
treated, or no treatment at all as controls [25]. 
They demonstrated that at 10 days after fracture, 
raloxifene treatment had improved fracture heal- 
ing significantly more than any of the other three 
subgroups and that by day 20, all mice treated 
with raloxifene or estrogen had healed ade- 
quately, whereas none of the control mice nor the 
ovariectomized mice had complete cortical 
bridging across the fracture site. This demon- 
strated that raloxifene has no negative effects on 
fracture healing and in fact may actually be 
advantageous in the healing of fractures. No ran- 
domized clinical trials have been performed 
in humans to look at fracture healing with 
raloxifene. 

Denosumab 

Denosumab is a human monoclonal antibody to 
RANKL, blocking its binding to RANK. It inhib- 
its osteoclasts, leading to decreased bone resorp- 
tion and greater bone density. Based on its 
mechanism of action, denosumab has been 
studied for its potential usefulness both with 
osteoporosis and with fracture healing. To date, 
however, there are no articles that particularly 
comment on fracture healing during treatment 
with denosumab in human subjects [2] nor are 
there any reports documenting deleterious effects 
from short-term use on fracture healing [3]. 

A study of osteoporotic women by Cummings 
et al. showed that those women treated with 
denosumab had significantly decreased risk of 
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fracture. They showed a 68 % decreased relative 
risk of vertebral fracture, 40 % decrease for hip 
fractures, and 20 % decrease for non- vertebral 
fractures [26] . In addition to fracture prevention, 
however, denosumab has also been shown to 
increase strength and BMD after a fracture. Using 
data from the FREDOM trial, McCloskey et al. 
showed again that denosumab decreased risk of 
fracture in osteoporotic women, especially in 
those with moderate to high risk as measured by 
FRAX [27]. 

The article by Gerstenfeld et al., which com- 
pared alendronate-treated mice to denosumab- 
treated mice to controls after femoral fractures, 
showed that those treated with denosumab had 
significantly higher BMD and percent bone vol- 
ume at the fracture site than the other treatment 
arms. In addition, fracture sites in mice receiving 
denosumab also had increased biomechanical 
strength and stiffness compared to controls, but 
similar to those treated with alendronate. This is 
in contrast to what one might have expected as 
denosumab, like bisphosphonates, also delays 
remodeling [14]. 

In another analysis using the FREEDOM trial, 
Adami et al. demonstrated that administration of 
denosumab in osteoporotic patients within a 
6-week period before or after a non-vertebral 
fracture did not affect fracture healing. In fact, 
there was a trend toward fewer delayed unions in 
those receiving denosumab versus those who did 
not receive the medication [28]. 

Anabolics 

Parathyroid Hormone 

Unlike the previously discussed medications, all 
of which are antire sorptive agents, parathyroid 
hormone (PTH) is the first drug whose main 
mechanism of action is anabolic in nature. 
PTH’s effect on bone metabolism differs based 
on its exposure: a continuous infusion of PTH 
causes bone resorption through a dominant 
increase in osteoclastic activity, but intermittent 
exposure to PTH exerts an anabolic effect and 
induces bone building by a dominant increase in 
osteoblast activity [2]. In the United States, the 


drug used as an analog to PTH is recombinant 
PTH (1-34), which is the first 34 A- terminal 
amino acid peptides of human PTH [29] . This 
form has been shown to prevent the risk of 
future fractures as well as to increase BMD in 
osteoporotic patients [29]. 

Studies in animals and evaluation of human 
fracture sites have shown that recombinant 
PTH leads to increased callus volume and BMC 
[2]. Andreassen et al. exposed rats with tibial 
fractures to 1-34 PTH or placebo. Rats were 
evaluated at 3 weeks and 8 weeks after fracture. 
At 3 weeks, rats receiving drug demonstrated 
an increased maximum load during biomechan- 
ical testing of 160 % and radiographically an 
increased callus volume of 208 %. By 8 weeks, 
the maximal load borne was increased by 
270 % and callus volume by 135 %. BMC also 
increased by 190 % at 3 weeks and 388 % by 8 
weeks [30]. 

Animal studies have also clearly demonstrated 
faster healing times while on recombinant PTH 
as well. Alkhiary et al. performed osteotomies in 
rat femora and then subjected them to placebo, 
low-dose daily PTH, or high-dose daily PTH and 
measured their response at 3, 5, and 12 weeks. 
Already by week 3, the high-dose daily PTH rats 
were significantly improved over the placebo 
group in terms of strength, stiffness, BMD, BMC, 
and cartilage volume. By 5 weeks, both PTH sub- 
groups had significantly higher BMD, BMC, and 
osseous volume than placebo. By the end of the 
experiment, the high-dose PTH subgroup still 
had significantly increased BMD and strength 
compared to the controls, leading to the 
conclusion that repair occurred faster in the rats 
receiving PTH [31]. Manabe et al. tested mid- 
shaft femoral fractures on cynomolgus monkeys 
and treated them with low-dose PTH, high-dose 
PTH, or placebo and then tested the femora at 26 
weeks after fracture. By this point after fracture, 
the bone had healed in all of the monkeys, but the 
PTH groups had smaller callus, and the high- 
dose PTH group also had significantly higher 
BMD than the other groups, leading the authors 
to conclude that those monkeys receiving PTH 
had actually accelerated the time of remodeling 
during fracture healing [32]. 
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Clinical trials in humans have also been done 
to test the hypotheses shown in the animal stud- 
ies. In one prospective, randomized, double- 
blinded study by Aspenberg et al., over 100 
women with distal radius fractures not requiring 
operative fixation were randomized to one of 
three arms for daily injections for 8 weeks: low- 
dose PTH (20 pg), high-dose PTH (40 pg), or 
placebo. They were then assessed for time to 
radiographic healing defined as bridging across 
three of four cortices. The time to heal was 7.4, 
8.8, and 9.1 weeks for low-dose PTH, high-dose 
PTH, and placebo, respectively. This was signifi- 
cant between low-dose PTH and control, but not 
with high-dose PTH [33]. The same authors then 
looked post hoc at callus formation in a subset of 
the conservatively managed distal radius fracture 
patients located at one center. Based on radio- 
graphs, they blindly qualified the callus forma- 
tion as rich, intermediate, or poor at 5 weeks to 
determine if they would have found more sub- 
stantial results if they had looked at earlier time 
points of healing. Of those studied, nine received 
ratings of “rich” (0 controls, 3 low-dose PTH, 6 
high-dose PTH), nine received ratings of “inter- 
mediate” (1 control, 5 low-dose PTH, 3 high- 
dose PTH), and nine received ratings of “poor” (7 
controls, 1 low-dose PTH, 1 high-dose PTH), 
which were highly statistically significant. This 
led the authors to conclude that it was possible 
that radiographic quality at an earlier time point 
may have been more sensitive of a variable than 
cortical bridging and that therefore recombinant 
PTH not only accelerated healing but in a dose- 
dependent manner [34] . 

More evidence for the benefits of recombinant 
PTH in humans in terms of fracture healing was 
seen in a paper by Peichl et al. which randomized 
elderly patients with pelvic fractures to receive 
PTH (1-81) versus placebo and then assessed 
them on time to radiographic healing, pain, and a 
timed “up and go” test. All three were significantly 
improved with the patients receiving PTH. Healing 
was achieved in 7.8 weeks versus 12.6 weeks, pain 
levels were lower, and the “up and go” test was 
faster in patients treated with PTH. The authors 
concluded that not only did PTH accelerate frac- 
ture healing but also improved clinical outcomes 
in this study population [35]. 


Anti-sclerostin Antibody 

As a novel therapy in the treatment of osteoporosis, 
anti-sclerostin antibody functions by way of a 
monoclonal antibody directed against sclerostin, 
an osteocyte-produced inhibitor of bone forma- 
tion. There is very little literature currently on 
this new therapeutic in terms of its effectiveness 
with fracture healing, but one study currently 
published by Agholme et al. paralyzed a single 
hind limb in rats with botulinum toxin to create a 
limb without mechanical loading. The rats then 
had screws drilled into their proximal tibias. Rats 
were then randomized to either receive anti- 
sclerostin antibody or placebo twice weekly for 4 
weeks. At 4 weeks, the force necessary to pull 
out the screws was measured. Rats receiving anti- 
sclerostin antibody required higher pullout force 
to remove the screws than those receiving pla- 
cebo [36]. In a recent study by Suen et al., rats 
with a femoral diaphyseal osteotomy received 
anti-sclerostin antibody or placebo for 3, 6, or 9 
weeks. Those rats receiving the drug had a higher 
proportion of their callus mineralized earlier, 
with higher BMD as well as ultimate load on 
mechanical testing than those rats which did not 
receive the medication. Histology also demon- 
strated increased bone formation in treated ani- 
mals [37]. 

Cathepsin K Inhibitors 

Another novel treatment for osteoporosis under 
development utilizes the inhibition of the cathep- 
sin K protease in the osteoclast that is necessary 
to dissolve the collagen component of the bone 
matrix during bone remodeling. Inhibition of 
cathepsin K pathways causes the osteoclast to 
detach from the bone, but not go through apopto- 
sis or cell death. At the same time, bone forma- 
tion rates by osteoblasts do not seem to be 
effected. Soung et al. reported a study of mouse 
femoral fractures with animals treated with 
cathepsin K inhibitor, the bisphosphonate alen- 
dronate, or placebo for 21 days. Both alendronate 
and the cathepsin K inhibitor delayed callus 
remodeling compared to the placebo group, but 
bone formation was similar between the cathep- 
sin K inhibitor group and placebo group, while 
bone formation was decreased with alendronate. 
No mechanical testing was reported [38]. 
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Discussion 

The primary purpose of the treatment of osteopo- 
rosis is to prevent fragility fractures, as they are 
associated with high morbidity and mortality in 
older patients. Once a fracture occurs, there is 
substantial cost to the healthcare system and the 
economy, not to mention the cost to the individ- 
ual and family in terms of pain, disability, and 
worsening of overall functional status. Since hav- 
ing a fragility fracture significantly increases an 
individual’s risk of subsequent fragility fractures, 
it is essential to provide treatment for osteoporo- 
sis as soon as possible after fracture. It is also 
important to insure that these fractures heal in a 
timely manner in order to restore as much func- 
tional status in these patients as possible. Many 
patients sustain fractures while on anti- 
osteoporosis medications, while many others’ 
first presentation of osteoporosis is at the time of 
a fragility fracture. It is important for the physi- 
cian to recognize the effects these medications 
have on bone metabolism, particularly in the set- 
ting of fracture healing, in order to make an 
informed decision about which medications to 
prescribe, when to stop medications the patient is 
taking, and when to start or restart medications 
after a fragility fracture. This chapter aims to elu- 
cidate some of the research publications on this 
subject matter of anti-osteoporosis medications 
and their effects on fracture healing. 

Of the medications we looked at in this chap- 
ter, none were shown to cause delayed healing of 
fractures, and the anabolic medications including 
PTH and anti-sclerostin antibody show some evi- 
dence supporting their role in potential accelera- 
tion of fracture healing. The one exception to this 
summary is that bisphosphonates may cause a 
delay in the healing of stress fractures and these 
medications may need to be stopped during the 
treatment of stress fractures. This is a very spe- 
cific type of fracture that relies principally on 
remodeling to heal, and bisphosphonates have 
been shown to slow remodeling rates in bone. 

Therefore, while these statements have not 
been definitively proven, we feel that it is safe to 
start anti-osteoporosis medications for patients as 
soon as possible after fracture. The possible 


exception to this is at least a 2-week delay in the 
administration of IV bisphosphonate, not because 
of an issue with fracture healing but because the 
osteoporosis and fracture prevention benefits of 
the medication are lost if it is administered within 
the first two weeks after fracture. At this time, 
there is a plethora of fracture healing data study- 
ing osteoporosis drugs in animal models but very 
limited clinical studies. It is clear that more data 
is needed for clinicians to best use these medica- 
tion and to not fear their use in the setting of an 
acute fracture. 

There are some promising new drugs that 
may hold the key to successfully accelerate the 
rate of fracture healing safely. Recombinant 
PTH has shown great success in building bone 
mineral and preventing fractures in patients with 
osteoporosis and in both animal models and 
human clinical trials has had success in acceler- 
ating healing. New medications such as anti- 
sclerostin antibody are still in the early stages of 
research and have not progressed to the point of 
clinical trials yet, but show promise in the early 
animal studies. There is certainly a lot of poten- 
tial for this space of research, and with new and 
exciting medications lurking around the corner, 
the future of osteoporosis care and fracture heal- 
ing intervention is bright. 
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Antiresorptive Therapy, Mortality 
and Cancer Incidence 



Peter Vestergaard 


Summary 

• Overall, ART may not reduce mortality, as 
only a minor part of deaths can be attributed to 
fractures. 

• Mortality reductions from fracture prevention 
may only be achieved in populations at high 
risk of both fractures and death. 

• Besides the well-known breast cancer preven- 
tive effect of the selective estrogen receptor 
modulators (SERM), no general increase or 
decrease in the risk of cancer seems to exist 
for antiresorptive therapies. 


Antiresorptive Therapy 

This is by nature drugs which inhibit bone resorp- 
tion and thus the osteoclasts, which leads to an 
increase in bone mineral density (BMD) and thus 
bone biomechanical competence resulting in a 
reduction in fracture risk. 


P. Vestergaard, MD, PhD, Dr Med Sc (ISI) 
Department of Endocrinology, Aalborg University, 
Molleparkvej 4, Aalborg 9000, Denmark 
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These drugs include: 

1. Bisphosphonates [1, 2] 

2. SERM [3] 

3. Strontium ranelate [4] 

4. Denosumab 

5. Activated vitamin D [5, 6] 

Some may also include calcium and vitamin D 
as these may lower parathyroid hormone (PTH) 
and thus indirectly lower osteoclast activity and 
are associated with an increase in BMD and a 
reduction in fracture risk [7]. These will not be 
considered here as they warrant special consider- 
ation and may not be considered true antiresorp- 
tive agents [8-10]. 

Estrogen and estrogen-like compounds [estro- 
gen therapy (ET)] alone or combined with 
progestogen-like compounds [estrogen proges- 
terone therapy (EPT)] also possess antiresorptive 
properties, increase BMD [11], and decrease 
fracture risk [12, 13]. However, these will not be 
considered in this chapter, as they are not first- 
line therapy for osteoporosis [14]. 

Bone anabolic agents such as teriparatide and 
other PTH analogues will also not be considered 
here. Also, the use of bisphosphonates to treat 
skeletal complications to malignancy will not be 
included here. 
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Mortality 

Mortality may be affected by antiresorptive ther- 
apy (ART either directly or indirectly: 

(a) Directly by interfering with major causes of 
mortality as was seen with the increase in 
cardiovascular events and breast cancer [15] 
with EPT 

(b) Indirectly by reducing fracture risk and thus 
preventing the excess deaths associated with 
say hip fractures [16, 17] 

A drug may thus have opposing effects on mor- 
tality by reducing fracture risk but increasing the 
risk of say cardiovascular events. Other more 
complex interactions may also be seen as say 
smoking may increase the risk of cancer and ath- 
erosclerosis and thus the risk of death, but smok- 
ing may also be associated with osteoporosis and 
fracture risk [18]. ART may thus by accident be 
associated with an adverse effect of the underlying 
disease being treated or a common risk factor such 
as smoking. Figure 19.1 shows an example on 
how smoking may be associated with both cardio- 


vascular events and osteoporosis and how bisphos- 
phonates by confounding by indication may be 
erroneously associated with say atrial fibrillation 
or other cardiovascular events or cancer. 

In the industrialized world, the major causes of 
death are cardiovascular (including stroke) and 
cancer. Cancer will be described in a separate chap- 
ter below. A number of systematic searches were 
conducted using the PRISMA guidelines (http:// 
www.prisma-statement.org/) for each of the ART 
categories (bisphosphonates, SERM, strontium 
ranelate, activated vitamin D) using the search term 
“mortality” or “cancer” and the drug in question. 
Extending the search to “survival” instead of mor- 
tality yielded more studies, but these were on cell 
lines. Studies on the use of these drugs to treat 
malignancy-related complications such as hyper- 
calcemia or bone metastases [19] were excluded. 

Bisphosphonates 

A systematic search in PubMed using “bisphos- 
phonates” and “mortality” per July 14, 2013 
yielded 859 results. 


Smoking 



Fig. 1 9.1 Possible interactions between common causes of osteoporosis and fractures and cardiovascular events 
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Mortality in General in Users of Drugs 
against Osteoporosis 

Bolland et al. performed a systematic review and 
meta-analysis of mortality in patients on drugs 
against osteoporosis [20]. The authors searched 
Medline and the Cochrane Central Register of 
Trials prior to September 2008, as well as the 
2000-2008 American Society for Bone and 
Mineral Research conference abstracts. 

Study Selection: Eligible studies were ran- 
domized placebo-controlled trials of approved 
doses of medications with proven efficacy in pre- 
venting both vertebral and non-vertebral frac- 
tures, in which the study duration was longer 
than 12 months and there were more than 10 
deaths. Trials of estrogen and SERM were spe- 
cifically excluded. 

Data Extraction: Data were extracted from the 
text of the retrieved articles, published meta- 
analyses, or the Food and Drug Administration 
web site. 

Data Synthesis: Eight eligible studies of four 
agents (risedronate, strontium ranelate, zoledronic 
acid, and denosumab) were included in the pri- 
mary analysis. During two alendronate studies, 
the treatment dose changed, and those studies 
were only included in secondary analyses. In the 
primary analysis, treatment was associated with 
an 1 1 % reduction in mortality (relative risk, 0.89, 
95 % confidence interval, 0.80-0.99, p = 0.036). 
In the secondary analysis, the results were similar 
(relative risk, 0.90, 95 % confidence interval, 
0.81-1.0, p- 0.044). Mortality reduction was not 
related to age or incidence of hip or non-vertebral 
fracture, but was greatest in trials conducted in 
populations with higher mortality rates. However, 
this was the results of the combined drugs — for 
the individual bisphosphonates, no significant 
reduction was seen (alendronate, n- 2 studies; 
risedronate, n = 2 studies; and zoledronate, n = 2 
studies). See also the sections for the individual 
bisphosphonates below [20]. 

Prior to this meta-analysis, several studies 
were identified that were not included. Cree et al. 
[21] performed an observational study. This study 
examined post-fracture osteoporosis drug treat- 
ment in hip fracture patients and the association 


of treatment with mortality and morbidity. Pre- 
and post-fracture demographic/health informa- 
tion was collected on a cohort of hip fracture 
patients aged 65+ years. Post-fracture administra- 
tive data on prescription drug use and health-care 
utilization was linked to the cohort data. Five 
classes of osteoporosis drugs were available dur- 
ing the study period: hormone replacement ther- 
apy, bisphosphonates, calcitonin, SERM, and 
vitamin D. Pre-fracture, 38 of 449 patients (8 %) 
were on osteoporosis medications. Post- fracture, 
81 of 356 patients (23 %) were treated, and 63 of 
these patients were untreated prior to fracture. 
Both treated and untreated patients had similar 
rates of subsequent hip fracture (6 % and 4 %, 
respectively) and Colies fracture (2 %). Regardless 
of treatment status, patients were also equally 
likely to be hospitalized, both in the short-term 
(28 % in treated, 27 % in untreated) and in the 
long-term (43 % vs. 37 %). However, mortality 
was significantly lower in the treated group (long- 
term, OR=0.34; 95 % Cl: 0.17-0.70) [21]. These 
results, however, raise suspicion that “healthy 
drug user” effects may be in place. Those taking a 
drug may be healthier than those not adhering to a 
prescription. Steinbuch et al. [22] assessed mor- 
tality among users of risedronate enrolled in the 
North American Postmenopausal Osteoporosis 
Studies and reported no reduction in overall mor- 
tality (RR=0.89, 95 % Cl: 0.73-1.09)— see also 
below under risedronate. 

Subsequent to the meta-analysis [20], a num- 
ber of trials have been published. Sharma et al. 
[23] analyzed the risk of serious atrial fibrillation 
but also analyzed cardiovascular mortality in a 
meta-analysis and found no such excess 
(OR = 0.92, 95 % Cl: 0.68-1.26). One study by 
Center et al. [24] using the Dubbo cohort (1223 
women and 819 men aged 60+ years) reported 
that users of drugs against osteoporosis of whom 
there were 325 women (106 using bisphospho- 
nates, 77 using hormone therapy, and 142 using 
calcium and vitamin D) and 37 men (15 on 
bisphosphonates, 22 on calcium and vitamin D) 
had a reduced risk of death compared to nonus- 
ers. In women, mortality rates were lower with 
bisphosphonates (0.8/100 person-years, 95 % 
Cl: 0.4-1.4) and hormone therapy (1.2/100 
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person-years, 95 % Cl: 0.7, 2.1) but not with 
calcium and vitamin D (3.2/100 person-years, 
95 % Cl: 2.5, 4.1) versus no treatment (3.5/100 
person-years, 95 % Cl: 3.1, 3.8) [24]. Accounting 
for age, fracture occurrence, comorbidities, quad- 
riceps strength, and BMD, mortality risk 
remained lower for women on bisphosphonates 
[hazard ratio (HR) 0.3 (0.2, 0.6)] but not hor- 
mone therapy [HR 0.8 (0.4, 1.8)]. For the 429 
women with fractures, mortality risk was still 
reduced in the bisphosphonate group [adjusted 
HR 0.3 (0.2, 0.7)], not accounted for by a reduc- 
tion in subsequent fractures [24]. In men, lower 
mortality rates were observed with bisphospho- 
nates but not calcium and vitamin D [BP 1.0/100 
person-years (0.3, 3.9) and calcium and vitamin 
D 3.1/100 person-years (1.5, 6.6) versus no treat- 
ment 4.3/100 person-years (3.9, 4.8)] [24]. After 
adjustment, mortality was similar, although not 
significant [HR 0.5 (0.1, 2.0)] for men [24]. The 
main weakness of this study was the low number 
of treated especially among the men and the 
inability to adjust for adherence to the drugs. 
A study by Sambrook et al. [25] using frail elderly 
institutionalized subjects (n = 2005) showed a 
reduction in overall mortality among the oral 
bisphosphonate users (n = 78). Over 5 years of 
follow-up, 1596 participants (80 %) died. Use of 
bisphosphonates was associated with a 27 % 
reduction in risk of death compared to nonusers 
after adjusting for age, gender, type of institution, 
immobility, number of medications, weight, cog- 
nitive function, comorbidities, and hip fracture 
incidence during the follow-up period (hazard 
ratio 0.73, 95 % Cl, 0.56-0.94, p = 0.02) [25]. 
Again the main limitation was the low number 
and the inability to adjust for adherence to the 
drugs and the type of bisphosphonate. 

Mortality related to cancer will be described 
below in the section on cancer. 

Prevention of Mortality 
following a Hip Fracture 

Patients with a hip fracture have a high risk of 
subsequent death and a significant excess risk 
compared to the background population [16]. 


A randomized controlled trial in patients with a 
hip fracture showed a reduction in mortality with 
zoledronic acid (HR = 0.72, 95 % Cl: 0.56-0.93) 
[26]. A subgroup analysis of patients from the 
HORIZON trial also using zoledronic acid in 
men with a recent hip fracture showed a similar 
trend toward a reduction in mortality [32/255 
(13.1 %) vs. 51/261 (19.5 %), OR=0.62, 95 % 
Cl: 0.38-1.00, /? = 0.05] but no reduction in car- 
diovascular events [27]. An observational study 
from Denmark showed that patients on bisphos- 
phonates prior to a hip fracture had a reduced risk 
of death following the hip fracture compared to 
patients not on a bisphosphonate (OR, 0.68, 
0.59-0.77) [28]. Also patients who began BP 
after the fracture (2.6 %) had significantly 
decreased mortality, both for patients who filled 
only one prescription (adjusted hazard ratio, HR 
0.84, 0.73-0.95) and for patients who filled mul- 
tiple prescriptions HR 0.73 (0.61-0.88) [28]. 

Myocardial Infarction 
and Cardiovascular Mortality 

Some observational studies have suggested a 
reduced risk of myocardial infarction with the 
use of bisphosphonates in observational studies 
[29-31]. However, this was especially seen with 
high compliance [30]. The findings have to be 
confirmed from randomized controlled trials. 
Overall, no reduction in cardiovascular mortality 
was seen [22, 23]. 

Individual Bisphosphonates 
Alendronate 

A systematic search using “alendronate” and 
“mortality” produced 97 citations in PubMed. 
Two studies were included in the meta-analysis 
by Bolland et al. [20], the FIT trial by Black et al. 
[32] in postmenopausal women with prior spine 
fractures and the study by Cummings et al. [33] 
in postmenopausal women without spine frac- 
tures. None of the studies showed significant 
reductions in mortality, and the pooled estimate 
was 1.00, 95 % Cl: 0.70-1.41 [20]. 
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Clodronate 

A systematic search using “clodronate” and 
“mortality” produced 105 citations in PubMed, 
but no studies fulfilled the inclusion criteria. 

Etidronate 

A systematic search using “etidronate” and “mor- 
tality” produced 64 citations, but no studies ful- 
filled the inclusion criteria. 

Ibandronate 

A systematic search using “ibandronate” and 
“mortality” produced 43 citations, but no studies 
fulfilled the inclusion criteria. 

Pamidronate 

A systematic search using “pamidronate” and 
“mortality” produced 101 citations, but no stud- 
ies fulfilled the inclusion criteria. 

Risedronate 

A systematic search using “risedronate” and “mor- 
tality” produced 62 citations. Four studies reported 
on mortality, but these were partly overlapping. 

The meta- analysis by Bolland et al. [20] 
included three RCTs, a study by Harris et al. [34] 
in postmenopausal women, a study by Reginster 
et al. [35] also including women, and a study by 
McClung et al. [36] including elderly women. 
The pooled estimate of the three trials was 0.88, 
95 % Cl: 0.70-1.10 for mortality with risedro- 
nate versus placebo. Besides the meta-analysis 
by Bolland et al. [20], Steinbuch et al. [22] stud- 
ied 5303 patients exposed to either risedronate 
2.5 or 5 mg daily and 2678 placebo-treated post- 
menopausal women included in the North 
American part of the risedronate registration 
studies. This study overlapped with the studies 
reported in the meta-analysis by Bolland et al. but 
also reported on causes of death. The study by 
Steinbuch et al. [22] did not find a reduction in 
overall (RR = 0.89, 95 % Cl: 0.73-1.09), any can- 
cer (0.89, 95 % Cl: 0.59, 1.34), lung cancer 
(RR=0.93, 95 % Cl: 0.49-1.79), GI tract cancer 
(0.54, 95 % Cl: 0.25-1.19), cardiovascular (0.54, 
95 % Cl: 0.25-1.19), coronary artery (1.15, 95 % 
Cl: 0.72-1.84), stroke (0.50, 95 % Cl: 0.29- 
0.88), or other cause mortality (0.97, 95 % Cl: 


0.66-1.42). Please also refer to the chapter on 
cancer below. 

Zoledronate 

A systematic search using “zoledronate” and 
“mortality” produced 224 citations and two origi- 
nal studies. 

The meta-analysis by Bolland et al. [20] 
included both these studies, i.e., the study by 
Black et al. [37] and the study by Lyles et al. [26]. 
The combined estimate for mortality was 0.90, 
95 % Cl: 0.76-1.08. A number of subgroup anal- 
yses have been performed on the RCT of zole- 
dronate following a hip fracture [26]. Eriksen 
et al. [38] performed a subgroup analyses by 
2-week intervals of the time when the zoledro- 
nate infusion was administered after the hip frac- 
ture. For the times <2 weeks and 2-4 weeks after 
the hip fracture, no trend toward a reduction in 
mortality was seen [38]. For the time intervals 
4-12 weeks, nonsignificant trends toward a 
reduction were seen, but the sample sizes were 
small, and from >12 weeks after the hip fracture, 
the risk reduction was statistically significant 
[38]. Upon pooling the results, patients treated 
>2 weeks following the hip fracture had a signifi- 
cant reduction in mortality, whereas those treated 
within two weeks did not. Patients dosed within 2 
weeks were older and exhibited a higher baseline 
prevalence of hypertension, coronary artery dis- 
ease, diabetes, atrial fibrillation, and stroke. 
These patients were also more likely to have 
come from an institutional setting before hospi- 
talization for hip fracture and return to an institu- 
tion after fracture compared with the subgroups 
dosed after the first 2 weeks [38]. Only 8 % of the 
reduction in mortality seemed attributable to the 
reduction of overall fracture risk after a hip frac- 
ture (tertiary prevention [39]) with zoledronic 
acid [40]. Other factors seemed to be reduced 
number of pneumonias and arrhythmias [40] . 

The excess risk of death following a hip frac- 
ture [16] is especially high within the first 6 
months following the hip fracture owing to the 
frail nature of the patients sustaining hip frac- 
tures and the impact of the trauma. This may 
explain the absence of an effect of early adminis- 
tration of the drug in patients with a high general 
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Table 19.1 Potentially preventable deaths in percent of 
all deaths at different levels of absolute fracture risk and 
absolute risk of death, if the risk of death following a frac- 
ture is twice that of the background population and the 
fracture risk reduction is 50 % 


Absolute fracture risk % 


Absolute risk of death 

3 

5 

10 

15 

20 

5 

1.5 

2.4 

4.5 

6.5 

8.3 

10 

1.5 

2.4 

4.5 

6.5 

8.3 

15 

1.5 

2.4 

4.5 

6.5 

8.3 

20 

1.5 

2.4 

4.5 

6.5 

8.3 


At an absolute fracture risk of 20 % and an absolute risk 
of death of 20 % only 8.3 % of all deaths were potentially 
preventable at a death rate twice that of the background 
population among fracture patients. As can be seen, the 
proportion of deaths prevented is independent of the abso- 
lute risk of death (however, the absolute number of deaths 
potentially preventable increases) 

risk of death not particularly attributable to modi- 
fiable causes. Patients with hip fractures are very 
likely to sustain recurrent hip fractures [41], and 
this may explain why some of the reduction in 
mortality is linked to the prevention of recurrent 
hip fractures and thus death from these. A theo- 
retical computation may be performed using the 
numbers from the trial by Lyles et al. [26]. In the 
placebo group, 33/1062 sustained a second hip 
fracture within the 3 -year study period (and were 
thus alive at the time of fracture), while 141 died. 
In the zoledronate arm of the trial, 23/1065 sus- 
tained a second hip fracture, and 101 died. If it is 
assumed that the mortality following a hip frac- 
ture is double that of the background population 
[16], then the preventable deaths by avoiding a 
second hip fracture are 2. 1 % (see also Table 19.1; 
the higher estimate by Colon-Emeric et al. [40] 
was due to the inclusion of other fractures besides 
hip fractures). Thus, even highly effective frac- 
ture preventing agents may only reduce overall 
mortality slightly if the reduction should come 
from hip fracture prevention alone. 

SERM 

Raloxifene 

A systematic search using the terms “raloxifene” 
and “mortality” produced 126 citations. Grady 


et al. [42] reported a pooled analysis of mortality 
data using two large clinical trials of raloxifene 
(60 mg/day) versus placebo, including the 
Multiple Outcomes of Raloxifene Evaluation/ 
Continuing Outcomes Relevant to Evista studies 
(7705 postmenopausal osteoporotic women fol- 
lowed for 4 years and a subset of 4011 partici- 
pants followed for an additional 4 years, 110 
deaths) and the Raloxifene Use for the Heart trial 
(10,101 postmenopausal women with coronary 
disease or multiple risk factors for coronary dis- 
ease followed for 5.6 years, 1149 deaths). Cause 
of death was assessed by blinded adjudicators. 
Cox proportional hazards regression models 
compared mortality by treatment assignment in a 
pooled analysis of trial data from the Multiple 
Outcomes of Raloxifene Evaluation/Continuing 
Outcomes Relevant to Evista and Raloxifene Use 
for the Heart trials. All-cause mortality was 10 % 
lower among women assigned to raloxifene 60 
mg/day versus placebo (HR 0.90, 95 % Cl: 0.80- 
1.00, p- 0.05). Lower overall mortality was pri- 
marily due to lower rates of non-cardiovascular 
deaths, especially a lower rate of non- 
cardiovascular, non-cancer deaths. This may be 
due to the fact that although raloxifene reduced 
breast cancer, this may be too rare an event for 
total mortality to be significantly decreased. 
However, it seems strange that a reduction was 
seen in non-cardiovascular, non-cancer deaths. 

One epidemiological study [43] has suggested 
a potential excess of fatal strokes as have the 
Raloxifene Use for the Heart trial [44]. However, 
this could not be confirmed in another epidemio- 
logical study [45]. 

Bazedoxifene 

One RCT in postmenopausal women reported no 
difference in mortality between bazedoxifene 
(17/1886 with 20 mg and 13/1872 with 40 mg), 
raloxifene (19/1849 with 60 mg), and placebo 
(11/1885) after 3 years [46]. 

Arzoxifene 

One RCT in postmenopausal women reported no 
difference in mortality between arzoxifene 
(105/4676) and placebo (98/4678) [47]. 
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Denosumab 

A systematic search using “denosumab” and 
“mortality” yielded 61 citations, but only one 
included mortality data and was included in the 
meta-analysis by Bolland et al. [20]. The study 
by Cummings et al. [48] in postmenopausal 
women reported a RR for mortality of 0.78, 

0. 57-1.06 with denosumab versus placebo. 

Strontium Ranelate 

A systematic search in PubMed using the terms 
“strontium ranelate” and “mortality” yielded 24 
citations. Two studies were identified as included 
in the meta-analysis by Bolland et al. [20], the 
study by Meunier et al. [49] mostly including older 
women and the study by Reginster et al. [50] also 
including postmenopausal women. The combined 
estimate for mortality with strontium ranelate ver- 
sus placebo was 0.94, 95 % Cl: 0.77-1.15 [20]. 

Activated Vitamin D 

A systematic search in PubMed using the terms 
“activated vitamin D” and “mortality” yielded 54 
citations, but only provided papers on the sur- 
vival in end- stage renal failure patients. 

Theoretical Considerations 

It is possible to simulate the proportion of all 
deaths in a population that in theory could be pre- 
vented by reducing the number of fractures. If 
assumptions are made in actual death rates, frac- 
ture rates, and the increased risk of death follow- 
ing a fracture, the theoretical proportion of all 
deaths potentially preventable through fracture 
prevention can be computed. 

One may consider an example: say 20 % of a 
population fractures within a given time interval, 

1. e., 20 out of 100 suffer a fracture, whereas 80 do 
not. Suppose that 10 % of the no fracture cases 
dies (eight subjects) within that time frame and 


20 % of the fracture cases dies (four cases as 
20 % of 20 is 4). In total 8 + 4= 12 or 12 % dies. 

If fracture risk is reduced by 50 %, only 10 
will fracture while 90 will not. With unchanged 
mortality rates, 10 % of 90 or 9 will die among 
the non-fracture cases, while 20 % of the 10 frac- 
ture cases or two subjects will die. In total, 
9 + 2=11 will thus die although fracture risk is 
reduced by 50 %. The total mortality is thus 
reduced by 1/12 = 8.25 %. The relative risk of 
death thus is 11/12 = 0.92. 

Tables 19.1 and 19.2 show simulations of the 
percent of all deaths that could be avoided by pre- 
venting fractures at various levels of absolute 
fracture risk and risk of death. Even at high frac- 
ture risk and risk of death, only a minor fraction 
of total mortality could be prevented. As can be 
seen, the proportion of deaths prevented is inde- 
pendent of the absolute risk of death (however, 
the absolute number of deaths potentially pre- 
ventable of cause increases). A mortality reduc- 
tion may thus only be achieved with long-term 
treatment, and here adherence with ART over 
prolonged time intervals may be an issue [51]. 

In the studies that allowed evaluation of both 
mortality risk and risk of any fracture [26, 32, 33, 
37, 47], the absolute risk of any fracture was 
13 % in the placebo group, and the risk of death 
was 3 %, i.e., in theory 5.8 % of the deaths were 
preventable with a 50 % reduction in fracture risk 
and a doubling of mortality risk following a frac- 
ture. This would equal an RR of death of 0.94. If 
the scenario was altered to a 30 % reduction in 
fractures, 3.5 % of deaths could be prevented or 
an RR of 0.96. This is actually in the range 
observed by Bolland et al. for most drug catego- 
ries [20]. Only in the study by Lyles et al. [26] 
was a reduction in the risk of death seen, but this 

Table 19.2 Same scenario as in Table 19.1, but with a 
70 % reduction in fracture risk 


Absolute fracture risk % 


Absolute risk of death 

3 

5 

10 

15 

20 

5 

2.0 

3.3 

6.4 

9.1 

11.7 

10 

2.0 

3.3 

6.4 

9.1 

11.7 

15 

2.0 

3.3 

6.4 

9.1 

11.7 

20 

2.0 

3.3 

6.4 

9.1 

11.7 
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was also a study with a very high mortality rate 
(13 % in the placebo group) and a high fracture 
rate (13 % in the placebo group). The other stud- 
ies may have high fracture rates, but had low 
mortality rates, i.e., there were few deaths to pre- 
vent. In the combined MORE/CORE study on 
raloxifene, a reduction in mortality was reported 
despite an absence in a reduction in overall frac- 
ture rates, but this may have been related to 
effects on other factors including cancer deaths 
(see below) [42]. Bolland et al. [20] suggested an 
11 % reduction in mortality, the estimate being 
independent of hip and non-vertebral fracture 
rates, but higher at higher mortality rates [52]. 
This may be due to the fact that hip and vertebral 
fracture rates in general were low and the number 
of preventable fracture-related deaths thus low. 
Prevention of non-fracture-related deaths may be 
a possibility, but besides the raloxifene-related 
breast cancer deaths (which were not included in 
the meta-analysis by Bolland et al. [20]), none of 
the studies have pinpointed specific causes of 
death that were preventable by ART. 

Conclusions 

Overall ART may not reduce mortality, as only a 
minor part of deaths can be attributed to fractures. 
Mortality reductions from fracture prevention may 
only be achieved in populations at high risk of 
both fractures and death (i.e., typically the elderly 
and especially subjects with a prior hip fracture). 
Unless ART have effects on other causes of death, 
mortality reductions may thus not be seen. Studies 
to address the effects of dose and duration as well 
as adherence to ART and effects of ART on other 
causes of mortality are warranted. Almost no stud- 
ies have included men as the majority has dealt 
with postmenopausal women. 


Cancer Incidence 

A number of the ART may also be used in oncol- 
ogy to treat bone-related events such as hypercal- 
cemia and skeletal metastases (thebisphosphonates 
and denosumab) and to antagonize estrogen 


receptor-positive breast cancer (raloxifene and 
other SERMs such as tamoxifen). However, this is 
not the focus of this review, which will focus on 
the effects on cancer incidence by the drugs per se. 

Calcitonin 

A recent report including a meta-analysis has 
associated salmon calcitonin with an increased 
risk of cancer (http://www.fda.gov/downloads/ 
AdvisoryCommittees/CommitteesMeeting 
Materials/Drugs/ReproductiveHealthDrugs 
AdvisoryCommittee/UCM34 1781 .pdf) . 

Also one of the RCT linked salmon calcitonin 
to an increased risk of cancer (OR= 1.62, 95 % 
Cl: 1.00-2.61) [53]. Only long-term treatment 
was associated with an increased cancer risk, 
which may lend credibility to a true biological 
mechanism. However, no specific mechanism or 
subtype of cancer linked to salmon calcitonin has 
at present been revealed. 

Two abstracts presented at the ASBMR 2012 
[54] and 2013 [55] annual meeting did not sup- 
port an increased risk of cancer with calcitonin. 
However, it should be noted under potential con- 
flicts of interest that the authors were associated 
with a company that manufactures calcitonin. 

A recent clinical trial suggested a possible 
increased risk of prostate cancer with oral calci- 
tonin. There is no preclinical data that suggests 
an increased malignancy risk with calcitonin. 
However, although normal prostate cells do not 
express calcitonin or its receptor, both calcitonin 
and its receptor are expressed by some prostate 
cancer cells. 

In a recent meta-analysis of all Novartis 
placebo-controlled clinical trials requested by the 
FDA, there was no increased incidence of malig- 
nancy relative to placebo in the first 6 months of 
treatment. The relative risk of malignancy over 
36 months did increase relative to placebo. The 
risk of malignancy on calcitonin over the first 
6-month time period remained relatively constant 
over 36 months. However, a decrease in placebo 
risk was seen after the first 6 months. The malig- 
nancies seen were not of any specific type and 
were of different cellular origins. There was no 
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evidence of a higher incidence rate with increas- 
ing dose. Based on these findings of increased 
malignancy risk, the FDA has recently recom- 
mended in the United States the use of calcitonin 
only for 6 months. Calcitonin is no longer 
approved by the European Medicines Agency for 
the treatment of osteoporosis. 

Bisphosphonates 

Several studies have been performed, mainly 
observational trials and case reports, some link- 
ing oral bisphosphonates to esophageal cancer. A 
systematic search using PubMed and the terms 
“bisphosphonates” and “cancer” produced 7027 
citations, the majority linked to treatment of 
cancer. 

Gastrointestinal Cancers 
with Bisphosphonates 

Esophagus 

A systematic search using the terms “bisphos- 
phonates,” “cancer,” and “esophageal” yielded 71 
citations, all observational trials. Several meta- 
analyses were available. 

A meta-analysis spanning the years until 
January 2011 by Oh et al. was present including 
three cohort and three case-control studies [56]. 
For esophageal cancer, it included five studies 
and reported no overall trend in the risk of esoph- 
ageal cancer (RR=0.96, 95 % Cl: 0.65-1.42) 
[56]. A meta-analysis spanning the years until 
May 2011 by Sun et al. [57] included seven 
observational trials, but was only partly overlap- 
ping with Oh et al. [56], as the study by Solomon 
et al. [58] was included in the Oh paper [56], but 
not the Sun paper [57]. Neither for cohort 
(OR= 1.23, 95 % Cl: 0.79-1.92) nor for case- 
control (1.24, 0.98-1.57) studies did the Sun 
paper find any evidence for an increased risk of 
esophageal cancer [57]. The Sun paper performed 
a subgroup analysis for alendronate and did not 
report any excess risk of esophageal cancer with 
this drug [57]. 

A subsequent case-control study using the 
CPRD and QResearch databases by Vinogradova 


et al. did not find any excess risk of esophageal 
cancer with bisphosphonates — adjusted odds 
ratios (95 % confidence interval) for QResearch 
and CPRD were 0.97 (0.79-1.18) and 1.18 
(0.97-1.43) for esophageal cancer [59]. 

Additional analyses showed no difference 
between types of bisphosphonates for risk of 
esophageal cancers [59]. However, Wright et al. 
[60] using some of the same data as the study just 
mentioned reported a slight increase in the risk of 
esophageal cancers for women (1.54, 95 % Cl: 
1.27-1.88) but not for men (0.78, 95 % Cl: 0.56- 
1 .09). A further study by Lee et al. could not con- 
firm an increased risk of esophageal cancer with 
alendronate [61]. A cohort study [62] included in 
the meta-analyses only showed an increased risk 
of esophageal cancer with alendronate use for 
less than 2 years and only in those with low 
adherence, whereas for etidronate an increased 
risk was seen for more than 5 years of use with a 
high adherence [63]. 

A large-scale Danish register-based study 
actually reported a lower incidence and mortality 
of esophageal cancer with alendronate [64]. This 
study suggested that use of endoscopy prior to 
initiation of alendronate could be an explanation 
for the lower rates. 

The mechanism for the seemingly increased 
risk for alendronate may thus have been that 
alendronate may cause GI discomfort, which 
may lead to discontinuation of alendronate 
(hence, the reduced adherence) and subsequently 
an endoscopy which may then reveal a cancer, 
i.e., a form of Berkson bias. 

In general, it seems that no causal relationship 
exists between bisphosphonate use and risk of 
esophageal cancer. However, it must be remem- 
bered that few studies had long-term exposure 
data. 

Gastric Cancer 

In contrast to esophageal cancer, almost all stud- 
ies agree that no excess risk of gastric cancer is 
seen with bisphosphonates. Wright et al. using 
the GPRD found no excess risk of gastric cancer 
(1.06, 95 % Cl: 0.83-1.37 in women and 0.87, 
95 % Cl: 0.55-1.36 in men) [60]. Vinogradova 
et al. [59] reported no overall association 
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(0R= 1.12, 95 % Cl: 0.87-1.44, and 0.79, 95 % 
Cl: 0.62-1.01) for gastric cancers. For gastric 
cancer, alendronate use was associated with an 
increased risk (1.47, 95 % Cl: 1.11-1.95), but 
only in data from the QResearch database and 
without any association with duration and with 
no definitive confirmation from sensitivity analy- 
sis [59]. Oh et al., also in their meta-analysis 
including three studies, did not observe an asso- 
ciation with gastric cancer (OR =0.89, 95 % Cl: 
0.71-1.13). An additional cohort study [63] 
reported on increase in gastric cancers with alen- 
dronate (HR = 1.16, 95 % Cl: 0.54-2.53), but an 
increase with etidronate (HR =1.57, 95 % Cl: 
1.01-2.43). However, no time or dose relation- 
ship was present for etidronate. 

In general, no excess risk of gastric cancers 
seems present lending support to an absence of 
an association with esophageal cancers. However, 
again few studies had long-term exposure data. 

Colon Cancer 

Oh et al. in their meta-analysis [55], including 
two studies, found no excess risk of colon cancer 
(OR = 0.62, 95 % Cl: 0.30-1.29). Vinogradova 
et al. [59] in their study also found no association 
with colon cancer (OR=1.03, 95 % Cl: 0.94- 
1.14 for QResearch, and 1.10, 95 % Cl: 1.00- 
1.22 for CPRD). One additional cohort study 
analyzed the association between bisphospho- 
nates and colon cancer and found no overall asso- 
ciation with alendronate or etidronate [63]. 

An observational study by Pazianas et al. [65] 
found that the overall risk of dying from colon 
cancer was significantly lower in the alendronate- 
treated cohort than in control subjects despite the 
greater comorbidity in alendronate-treated 
patients. Thus, within the observation period, 
0.6 % of alendronate-treated women died of 
colon cancer compared with 0.7 % of control 
subjects. Cox survival analysis showed a crude 
HR of 0.69 (0.59-0.81) with an adjusted HR of 
0.62 (0.52-0.72). 

In general, no association between bisphos- 
phonates and colon cancer seems present. 
However, duration of follow-up was limited in 
most studies. 


Other Gl Tract Cancers 

One cohort study examined the association 
between bisphosphonates and pancreas, bile 
duct, liver, and small intestinal cancers [63]. Bile 
duct and small intestinal cancers were not associ- 
ated with bisphosphonate use, whereas for liver 
cancer an increased risk was seen for both alen- 
dronate (HR = 2.55, 95 % Cl: 1.10-5.89) and eti- 
dronate (HR=2.14, 95 % Cl: 1.23-3.71) [63]. 
For pancreas cancer, an association with etidro- 
nate (HR= 1.73, 95 % Cl: 1.30-2.31) was 
observed, whereas no such association could be 
found for alendronate (HR= 1.36, 95 % Cl: 0.81- 
2.29) [63]. For liver cancer, the association with 
alendronate was only seen with low adherence, 
whereas for etidronate it was only seen with high 
adherence, and no particular time trend was pres- 
ent for either drug [63]. 

Due to the absence of dose and time depen- 
dency, an association between bisphosphonates 
and other GI cancers seems unlikely; however, 
scare data are available, and further studies are 
warranted. 

Other Cancers and Bisphosphonates 

Besides breast cancer, little data are available on 
other cancer types, and more studies are needed. 
Some preclinical studies have indicated a poten- 
tial beneficial effect on breast cancer cells by 
bisphosphonates [66-68]. One cohort study [69] 
reported that before the drugs against osteopo- 
rosis were started, an excess prevalence of 
breast cancer was present [69]. This probably 
stems from the fact that treatments for breast 
cancer with say aromatase inhibitors increase 
the risk of fractures [70] and osteoporosis and 
thus being prescribed drugs against osteoporo- 
sis. After correction for this factor, fewer cases 
of breast cancer were observed after initiation of 
alendronate (HR = 0.53, 95 % Cl 0.38-0.73) or 
etidronate (HR = 0.80, 95 % Cl 0.73-0.89) [69]. 
However, no dose-response or time effect was 
observed. 

In conclusion, it is uncertain if bisphospho- 
nates may prevent breast cancer if used to treat 
osteoporosis in women. Further studies are 
needed. 


19 Antiresorptive Therapy, Mortality and Cancer Incidence 


275 


SERM 

Breast Cancer 

Several trials involving SERMs have shown a 
reduction in breast cancer (estrogen receptor- 
positive breast cancer). This has been shown for 
raloxifene [44] (HR =0.67, 95 % Cl: 0.47-0.96) 
[71], (RR=0.24, 95 % Cl: 0.13-0.44), [72] 
(HR =0.34, 95 % Cl: 0.22-0.50)— which is the 
most well-documented although several of the 
trials mentioned overlap — as well as for arzoxi- 
fene (HR 0.44, 95 % Cl: 0.26-0.76) [47]. For 
bazedoxifene [46], a nonsignificant trend toward 
a reduction in breast cancer risk has been 
observed (9/3758 with 20 or 40 mg bazedoxifene 
vs. 8/1885— OR = 0.56, 95 % Cl: 0.22-1.44). A 
further cohort study showed a reduction in breast 
cancer with raloxifene for osteoporosis preven- 
tion (HR =0.54, 95 % Cl: 0.39-0.76) with a 
strong dose-response relationship (HR = 0.14, 
95 % Cl: 0.03-0.55 with full compliance) [69]. 
The preventive effect was most pronounced the 
first 5 years following initiation of raloxifene and 
was more pronounced in older compared to 
younger (<50 years) women. A cohort study 
comparing women aged 45 years or more starting 
alendronate or raloxifene showed a reduction in 
breast cancer incidence in women on raloxifene 
compared to alendronate users [73]. 

The effects of SERM on breast cancer are thus 
a natural extension of their estrogen receptor 
antagonistic properties as for tamoxifen [74]. 

Other Cancers 

A cohort study showed no effect of raloxifene on 
gastrointestinal cancers [63]. For other cancers, 
the evidence is scarce except for an absence of an 
effect on endometrial cancers with raloxifene 
[71] (HR=0.8, 95 % Cl: 0.2-0.7), bazedoxifene 
[46], and arzoxifene [47]. No overall change in 
cancer mortality was seen with raloxifene [42]. 
More studies may thus be warranted. 

Denosumab 

No excess risk of cancers was reported in the 
FREEDOM trial [48]. 


Strontium Ranelate 

A systematic search using the terms “strontium 
ranelate” and “cancer” yielded 18 citations, none 
of which were clinical trials. None of the original 
RTCs on strontium [49, 50] specifically reported 
on cancer incidence. More research is thus 
needed. 

Activated Vitamin D 

Vitamin D holds a special position with respect to 
cancer [75], as activated vitamin D may suppress 
growth stimulatory signals and potentiate growth 
inhibitory signals, which lead to changes in cell 
cycle regulators [76, 77]. A systematic search 
using the terms “activated vitamin d” and “can- 
cer” yielded 348 citations. However, these were 
mainly preclinical studies, and none were 
designed to look at the effects of activated vita- 
min D for osteoporosis prevention and risk of 
cancer. 


Conclusions 

Besides the well-known breast cancer preventive 
effect of the SERMs, no general increase or 
decrease in the risk of cancer seems to exist for 
ART. 
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Summary 

• Safety cannot be proven in a clinical trial since 
only common side effects can be observed. 

• Most information about drug safety comes 
from post-marketing surveillance or observa- 
tional studies or from astute clinicians who 
recognize a pattern of concern. 

• The few serious risks known to be associated 
with osteoporosis drugs occur very infre- 
quently and, with exception of atypical frac- 
tures with bisphosphonates, are usually not 
related to duration of therapy. 

• Being aware of possible safety concerns, ther- 
apy for osteoporosis can be individualized to 
minimize the potential side effects and thereby 
optimize the balance of risks and benefits. 

Regulatory approval of osteoporosis drugs has 
been based on placebo-controlled trials, usually 
lasting 3 years but never more than 5 years. The 
largest clinical registration trials published to date 
(HORIZON and FREEDOM) were each com- 
prised of less than 12,000 patient-years of follow- 
up on active treatment versus placebo [1, 2]. 
These pivotal studies are primarily designed to 


M.R. McClung, MD (M) 

Oregon Osteoporosis Center, 25 NW 23rd Place, 
Suite 6 #175, Portland, OR 97210, USA 
e-mail: mmcclung@orost.com 


evaluate efficacy (fracture risk reduction). Safety 
issues are evaluated by comparing the incidence 
of clinical and laboratory adverse events between 
treatment and placebo groups. More recent stud- 
ies have established prospective plans to evaluate 
adverse events of special interest. 

Because of the size and duration of the studies, 
only a common adverse event could be clearly 
identified in such trials, and very few serious 
safety issues have been observed in the pivotal 
placebo-controlled osteoporosis studies. On the 
other hand, statistical differences in specific, 
uncommon adverse events may be observed by 
chance, making attribution of an adverse event to 
the drug treatment especially difficult unless the 
same adverse event is identified in more than one 
trial, is related to duration of therapy, and/or has a 
very strong plausible mechanism of causality [3]. 

Many of the pivotal trials have been extended 
beyond the required 3 years, putatively to gain 
further information about safety. However, for 
ethical reasons, patients in these extension trials 
almost always receive active treatment or they are 
followed after they discontinue active therapy. 
This results in the loss of an adequate control 
group, further limiting safety assessment. 
Attempts to compare adverse events between 
patients on continuous treatment and those origi- 
nally treated with placebo are often seriously 
compromised by the large and possibly differen- 
tial dropout that occurs as research patients are 
required to re-consent to enter the extension phase 
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of the study. Furthermore, differential dropout 
may impair the effectiveness of randomization, 
due to exclusion from the extension of patients 
who have experienced significant bone loss or 
fracture during the main phase of the study, result- 
ing in differential dropout between the active and 
control treatment arms. Few true safety issues 
have been identified in these extension studies. 

Most safety concerns not apparent in clinical 
trials have been identified as a result of post- 
marketing surveillance reports, small case report 
series, or observational studies. Substantial limi- 
tations exist in the ability to each of these strate- 
gies to unequivocally identify a specific adverse 
event as being due to the drug. 

Upon that background, this review will focus 
on common and/or serious adverse events and 
benefits possibly associated with drugs currently 
approved for osteoporosis treatment in Europe 
and North America. Given the uncertainty about 
the incidence of many of these safety concerns or 
even the causal relationship between the drug and 
the safety concern, it is very important to keep 
the overall risk-benefit profile of treatment in 
perspective [4]. This important issue has been the 
subject of recent reviews [5-7]. 


Bisphosphonates 

The four nitrogen-containing bisphosphonates 
approved to treat osteoporosis are analogs of 
pyrophosphate. They bind to bone mineral from 
which they are adsorbed into osteoclasts. By 
inhibiting farnesyl pyrophosphate synthase in 
osteoclasts, these drugs interfere with important 
intracellular functions, resulting in decreased 
osteoclast activity and survival and reduced 
bone resorption [8]. Bone mineral density 
increases modestly over the first few years of 
therapy. Bisphosphonates have consistently 
reduced the risk of vertebral fractures by 
41-70 % [1, 8-14]. Non-vertebral and hip frac- 
ture risk reduction has been demonstrated with 
three of the four drugs, ibandronate being the 
exception. Importantly, the full effect of fracture 
protection appears to occur within the first year 
of therapy, and protection appears to be main- 
tained with long-term treatment. 


General Safety and Tolerance 

In clinical trials, both oral and intravenous bisphos- 
phonates have been well tolerated [15]. Upper GI 
intolerance, usually mild or moderate, is observed 
with oral dosing in daily practice, although such 
intolerance was not observed in clinical trials [16]. 
The incidence of upper GI symptoms among 
patients receiving placebo in the oral bisphospho- 
nate clinical trials was 30-50 %. Such a high back- 
ground incidence might have blunted the ability to 
observe GI intolerance in the trials. Poor adherence 
to the oral bisphosphonate dosing regimen increases 
the likelihood of upper GI symptoms. It is unclear 
whether differences exist in the risk of upper GI 
intolerance among the oral bisphosphonates [17]. 
GI bleeding and esophageal ulceration or rupture 
have been described very rarely. 

Acute Phase Reaction 

Acute phase reactions with fever and myalgia 
occur with intravenous or high dose oral therapy 
[18-21]. These symptoms occur in about 30 % of 
patients after the first intravenous dose of zole- 
dronic acid in bisphosphonate-nai've patients but 
occur much less frequently after subsequent 
doses or in patients previously treated with oral 
bisphosphonates. Pretreatment with antipyretic 
medications reduces the incidence and intensity 
of symptoms [22]. Bone and muscle pain, not 
related to acute phase reaction, has been reported 
after oral or intravenous dosing. Since these 
symptoms were not observed in clinical trials, 
neither the incidence nor the mechanism of this 
potential side effect is known. 

Hypocalcemia 

Transient decreases in serum calcium levels 
occur upon initiating treatment. Hypocalcemia 
can occur, especially in patients with renal insuf- 
ficiency, osteomalacia, vitamin D deficiency, or 
hypoparathyroidism [23-27]. Ensuing adequate 
intakes of calcium and especially vitamin D prior 
to treatment is probably protective, and therapy is 
contraindicated in hypocalcemic patients. 
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Renal Safety 

Bisphosphonates are cleared from the circulation 
by either binding to the skeleton or by renal 
excretion. Rapid intravenous infusion of pami- 
dronate or zoledronic acid to patients with cancer- 
related bone disease has been associated with 
renal failure due to focal glomerular sclerosis or 
acute tubular necrosis [28-30]. Based on this 
knowledge, patients with severely impaired renal 
function were not included in clinical osteoporo- 
sis trials with bisphosphonates. In the studies 
with oral agents, no effects on renal function were 
observed. Among the small numbers of patients 
with CDK3 renal function enrolled in those trials, 
no adverse effects on renal function or impaired 
efficacy were observed [31]. However, therapy 
with oral bisphosphonates is not recommended in 
patients with estimated GFR <30 cc/min. 
Individual cases of acute renal impairment related 
to oral bisphosphonates have been reported. In 
the pivotal HORIZON studies, transient increases 
in serum creatinine were observed after intrave- 
nous zoledronic acid, but over the course of the 
studies, the age-related decline in renal function 
was similar between treatment and placebo 
groups [32]. Acute renal failure and death after 
zoledronic acid infusion have been reported in 
clinical practice, although usually in patients with 
cancer-related bone diseases. Zoledronic acid is 
contraindicated in patients with a creatinine clear- 
ance of <35 cc/min [33]. 

Bisphosphonate nephrotoxicity is related to 
the maximal concentration of drug in the circula- 
tion perhaps explaining the paucity of adverse 
renal effects of oral bisphosphonates [30]. For 
patients with CDK3, extending the infusion time 
of zoledronic acid from the usual 15 to 30 min or 
even 60 min should limit the Cmax achieved with 
treatment and perhaps minimize the risk of renal 
injury. 

Cardiovascular Risk 

Atrial fibrillation associated with hospitalization 
occurred more frequently (1.3 %) with intrave- 
nous zoledronic acid compared to placebo 
(0.5 %; p<0.001) in the HORIZON Pivotal 


Fracture Trial [2] . Cardiac arrhythmia could the- 
oretically be caused to the transient decrease in 
serum calcium after infusion. However, the cases 
of serious adverse events of atrial fibrillation 
were not temporally related to the annual dose. 
Furthermore, the incidence of atrial fibrillation, 
other arrhythmias, or cardiac events and stroke 
was similar between treatment and control 
groups. No association of zoledronic acid ther- 
apy and atrial fibrillation was observed in the 
HORIZON Recurrent Fracture Trial [34]. After 
review of all bisphosphonate studies, the FDA 
concluded that a causal link between bisphos- 
phonate therapy and atrial fibrillation has not 
been established [35]. Driven primarily by the 
HORIZON Pivotal Fracture Trial, recent system- 
atic reviews continue to suggest an increased risk 
of atrial fibrillation with intravenous bisphos- 
phonates [36]. 

No other cardiovascular concerns were noted 
in clinical trials with bisphosphonates. Although 
observational studies have demonstrated an asso- 
ciation between bisphosphonate therapy and 
decreased risks of hypertension, myocardial 
infarction, and stroke, recent meta-analyses do 
not suggest an association between bisphospho- 
nate therapy and cardiovascular or cerebrovascu- 
lar disease [37, 38]. 

Cancer Risk 

Cases of esophageal cancer have been reported in 
patients who took oral bisphosphonates [39]. No 
evidence of this association was observed in 
placebo-controlled clinical trials or in several 
observational cohorts [40-42] . One of two analy- 
ses of the UK General Practice Research Database 
suggested an increased risk of esophageal cancer 
(3 vs. 2.3 % in controls) and especially with treat- 
ment for >5 years (RR 2.24, 1.47-3.43) [42]. No 
relationship between bisphosphonate use and 
esophageal cancer was observed in the other 
analysis of that same database [43]. The FDA 
has stated that evidence is insufficient to evaluate 
this association but recommends that oral 
bisphosphonates not be used in patients at risk 
for esophageal cancer including those with 
Barrett’s esophagus [44]. 
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In contrast to the associations of bisphospho- 
nate therapy with adverse outcomes, decreased 
risks of breast, prostate, colon, and pancreatic 
cancer have been reported with bisphosphonates 
in observational studies. However, a recent analy- 
sis of pooled randomized clinical trials found no 
association between bisphosphonate therapy and 
breast cancer over an average follow-up of 3 years. 

Mortality 

Mortality was reduced by 28 % with IV zole- 
dronic acid therapy in the HORIZON Recurrent 
Fracture Trial [1]. Decreased mortality in patients 
treated with bisphosphonates has also been noted 
in observational studies [45-48]. These effects 
on mortality were greater than could be explained 
by the anti-fracture effects of therapy. 

Miscellaneous Safety Concerns 

Rare cases of inflammatory eye disease (uveitis, 
iritis) have been described in patients receiving 
oral and IV bisphosphonates including older non- 
nitrogen-containing agents like etidronate and 
tiludronate [49, 50]. In a large register-based 
cohort, the incidence of hospital-treated uveitis 
was very low (0.05 %) during the first 12 months 
of prescription therapy for osteoporosis, with no 
difference observed between patients receiving 
bisphosphonates or other osteoporosis drugs 
[51]. Among 1001 patients receiving intravenous 
zoledronic acid in a clinical trial, eight (0.8 %) 
developed acute uveitis within the first few days 
of treatment [52]. Very rare cases of hypersensi- 
tivity and anaphylaxis have been reported with 
bisphosphonate therapy [53, 54]. 


Estrogen Agonists/Antagonists 

These agents, previously described as selective 
estrogen receptor modulators (SERMs), have ben- 
eficial estrogen-like effects on the skeleton while 
inhibiting the effects of estrogen on reproductive 
tissues. Raloxifene was the first of these agents 
registered for the treatment of postmenopausal 


osteoporosis. Lasofoxifene 0.5 mg daily and baze- 
doxifene 20 mg daily have recently been approved 
for this indication in Europe but not in North 
America, although bazedoxifene, in combination 
with conjugated estrogen, is approved in the 
United States for management of menopausal 
symptoms and the prevention of bone loss. 

After 3 years of therapy, each agent reduced 
the incidence of new vertebral fracture by about 
40 % in postmenopausal women with osteoporo- 
sis [55-57]. No effect of raloxifene on non- 
vertebral fracture risk has been observed. Overall, 
no effect on non-vertebral fracture risk was 
reported with bazedoxifene, although a signifi- 
cant reduction (HR 0.60; 95 % Cl 0.37-0.95) was 
noted in a post hoc analysis of a high-risk sub- 
group [56]. After 5 years of treatment with 
lasofoxifene 0.5 mg daily, a significant reduction 
(HR 0.76, 95 % Cl 0.64-0.91) in the incidence of 
non-vertebral fracture was observed [57]. Hip 
fracture risk reduction has not been observed 
with any of these drugs. 

General Safety and Tolerability 

In clinical trials, these agents are generally well 
tolerated [58, 59]. Vasomotor symptoms and 
muscle cramps, usually of mild to moderate 
severity, occurred more frequently with each 
drug compared to placebo. 

Venous Thrombotic Events 

Estrogen-like increases in the risk of venous 
thrombotic events (VTE) have been reported 
with each drug. In the pivotal phase 3 MORE 
study, the incidence of VTE was increased in 
patients receiving raloxifene 60 or 120 mg daily 
for up to 40 months (1.0 %) versus the placebo 
group (0.3 %; RR 3.1; 95 % Cl 1.5-6.2) [55]. The 
greatest risk occured within the first 4 months of 
therapy and did not appear to increase with pro- 
longed exposure to the drug during years 5-8 of 
treatment with raloxifene 60 mg daily (CORE 
Study) [56]. Over 8 years of follow-up, the inci- 
dence rates for venous thromboembolic events 
were 2.2 and 1.3 events per 1000 woman-years 
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for the raloxifene and placebo groups, respec- 
tively. Over 3 years of therapy with bazedoxifene 
20 mg daily, the rate per 1000 woman-years was 
2.86 versus 1.76 in the placebo group [57]. As 
with raloxifene, the rate of VTE was highest in 
the first year (relative risk of 2.69). During the 5 
years of the PEARL study, the rate of VTE with 
lasofoxifene 0.5 mg daily was 2.9/1000 patient- 
years compared to 1.4 with placebo [HR 2.06 
(95 % Cl 1.17-3.61)] [58]. These agents are con- 
traindicated in women with a prior history of 
venous thrombotic event and are to be used with 
caution in women at risk for VTE. Temporarily 
stopping treatment is recommended prior to and 
during prolonged immobilization [60] . 

Cardiovascular and Cerebrovascular 
Events 

No differences in the incidence of cardiovascular 
or cerebrovascular events, in complications from 
those events or in mortality, were observed dur- 
ing the 8 years of the MORE and CORE studies 
[61, 62]. The RUTH study evaluated the effect of 
raloxifene versus placebo in postmenopausal 
women over a median duration of follow-up of 
5.6 years in more than 10,000 postmenopausal 
women, average age 67.6 years, with documented 
coronary heart disease or at increased risk for 
coronary events [63]. Although stroke and car- 
diovascular events occurred similarly in women 
who received raloxifene 60 mg daily or placebo, 
death related to stroke did occur more commonly 
with raloxifene (1.2 %) compared to placebo 
(0.8 %) (HR 1 .49, 95 % Cl 1 .00-2.24 ; p = 0.0499), 
an increase from 15 to 22 per 10,000 woman- 
years. Raloxifene had no significant effect on all- 
cause mortality [64]. Lasofoxifene 0.5 mg daily 
was associated with lower rates of myocardial 
infarction and stroke [56, 65]. Rates of fatal 
stroke (HR 1.40; 95 % Cl 0.44-4.4) and overall 
mortality (HR 1.12; 95 % Cl 0.80-1.56) did not 
differ significantly between the lasofoxifene 
0.5 mg daily and placebo groups. There were no 
significant differences in the incidence of cardio- 
vascular events or stroke between patients treated 
with bazedoxifene or placebo [66]. 


Invasive Breast Cancer 

In studies of postmenopausal women with osteo- 
porosis and the RUTH trial, raloxifene has con- 
sistently decreased the risk of invasive breast 
cancer with overall reductions in relative risk of 
44-69 % [67-69]. The relative reduction in risk 
with raloxifene appears to be similar across the 
spectrum of risks in the various patient groups. In 
the STAR study, protection from invasive breast 
cancer was similar in women at high risk for 
breast cancer receiving tamoxifen or raloxifene 
[70]. Treatment with lasofoxifene 0.5 mg daily 
for 5 years reduced the risk of invasive breast 
cancer by 85 % (95 % Cl 50-96 %), and the 
effect was greater in women with serum estrogen 
levels above the group mean [71]. These effects 
are limited to the risk of invasive estrogen 
receptor-positive breast cancer [72]. No effect of 
bazedoxifene on breast cancer risk has been 
reported. 

Others 

Raloxifene had no effect on cognitive function 
[73]. Over 5 years, no endometrial safety issues 
were observed with raloxifene [74]. Compared to 
placebo, lasofoxifene therapy for 5 years resulted 
in small increases in frequency of vaginal bleed- 
ing, endometrial thickness, and vaginal polyps 
but no difference in endometrial cancer or gyne- 
cological surgery for uterine prolapse [75]. 
Bazedoxifene therapy for up to 7 years was not 
associated with endometrial hyperplasia or 
changes in endometrial thickening, but was asso- 
ciated with a significant decreased risk of endo- 
metrial carcinoma (0.1 vs. 0.4 %; P = 0.020) [76]. 


Calcitonin 

This peptide hormone is a potent inhibitor of 
osteoclast activity in vitro, but its clinical effect 
on bone metabolism is very modest. 
Administration of salmon calcitonin by nasal 
spray induces small reductions in bone turnover 
markers and increases in bone mineral density. 
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Evidence supporting the effect of nasal calcitonin 
treatment on fracture risk is weak, and no effect 
of treatment on non-vertebral fracture was 
observed in the only fracture endpoint trial with 
this drug [77]. In that study, no important safety 
issues were noted over 3 years of observation nor 
did safety concerns arise in post-marketing sur- 
veillance since regulatory approval in 1995. 

Cancer Risk 

Signals of a possible increased risk of prostate 
cancer in a clinical trial evaluating an oral prepa- 
ration of salmon calcitonin in patients with osteo- 
arthritis prompted a thorough review of all 
clinical trials of nasal and oral salmon calcitonin. 
A review by the EMA Committee for Medicinal 
Products for Human Use identified an increased 
risk of cancer (2.4 % with nasal administration) 
[78]. A meta- analysis of 17 randomized, con- 
trolled clinical trials with nasal spray salmon cal- 
citonin, performed by the FDA, reported that the 
overall incidence of malignancies reported was 
higher among calcitonin salmon- treated patients 
(4.2 %) compared with placebo-treated patients 
(2.9 %) (OR 1.4; 95 % Cl 1.1-1. 7) [79]. Similar 
results were observed in a meta-analysis by inde- 
pendent authors [80]. No specific type of cancer 
was associated with calcitonin use. The authors 
of each report conceded that most of the clinical 
trials were poorly designed to assess new cancer 
cases but that the weak cancer signal could not be 
ignored. On the basis of this possible association 
with cancer risk, coupled with weak evidence of 
efficacy, European and Canadian regulatory 
authorities withdrew approval for nasal calcito- 
nin as a treatment for osteoporosis [78]. In the 
United States, a FDA Advisory Committee rec- 
ommended that the drug be withdrawn from the 
market [81]. The FDA decided instead to simply 
add a caution about the possible association of 
cancer risk [82]. Salmon calcitonin therapy has 
been associated with a few cases of serious aller- 
gic-type reactions including bronchospasm and 
anaphylactic shock, including rare reports of 
death [83]. 


Denosumab 

This fully human monoclonal antibody very 
specifically binds to RANK ligand, blunting the 
proliferation and activation of osteoclasts. 
Biochemical indices of bone resorption are 
acutely and markedly reduced after subcutaneous 
dosing. The average values of the bone resorption 
markers gradually increase before the next dose 
given at 6 months to levels observed in patients 
on long-term alendronate therapy [84]. Bone 
mineral density increases progressively over at 
least 8 years of therapy [85]. In the pivotal phase 
3 FREEDOM study, denosumab reduced the risks 
of vertebral, hip and non-vertebral fracture over 3 
years by 68 %, 40 %, and 20 %, respectively [2]. 
After 3 years of placebo-control comparisons, 
all patients who continued in an extension study 
received open-label denosumab therapy. Results 
out to 6 years have been published [86] . Compared 
to the fracture incidence during the first 3 years of 
FREEDOM, risks of vertebral fracture appeared 
to remain stable, while the risk of non-vertebral 
fracture appeared to decrease progressively with 
continued therapy. 

General Safety and Tolerability 

The overall safety profile of denosumab has con- 
sistently been excellent in multiple clinical trials. 
The frequencies of adverse events, serious adverse 
events, and the rate of patients discontinuing ther- 
apy because of an adverse event have been similar 
between treatment and control groups. Among the 
7805 women in the FREEDOM study, 90 in the 
placebo and 70 in the treatment group died 
(p = 0.08) [2]. Other than rare cases of ONJ and 
femoral shaft fracture with atypical features, no 
additional safety issues were clearly noted in the 
FREEDOM extension study [86]. A few cases of 
atypical fracture occurring with the clinical use of 
denosumab have been reported, but to date, all 
those patients had been pretreated with bisphos- 
phonates [87]. Too few cases of atypical fracture 
have occurred to assess whether the risk, if pres- 
ent, is related to duration of therapy. 


20 Other Safety Concerns 


285 


Skin Rash and Infection 

In the 3 years of FREEDOM, skin rash or eczema 
occurred more frequently with denosumab ther- 
apy than placebo [2]. The incidence of serious 
adverse events related to cellulitis was greater 
with denosumab (1.2 %) compared to placebo 
(one case among 3850 patients). These skin 
events were unrelated to the time or site of the 
denosumab injection. The cases of cellulitis 
responded to standard antimicrobial therapy. 
During the first 3 years of the FREEDOM exten- 
sion, the incidence of skin rashes or serious 
adverse events related to cellulitis was very low 
in patients who continued taking denosumab for 
6 years [86]. Importantly, increased risks of 
infections, eczema, or serious adverse events 
related to cellulitis were not observed in patients 
who had received placebo during the first 3 years 
and then received denosumab for the next 3 years. 

Immunologic Safety 

RANK ligand is expressed in dendritic cells and 
some T cells, raising the possibility that immune 
dysfunction could result from inhibition of RANK 
ligand with denosumab [88]. The numeric inci- 
dence of infections and neoplasms was slightly 
greater among the denosumab in patients in 
FREEDOM compared to placebo. However, due 
to the manner in which adverse events are coded in 
clinical trials, many of these “infections” were 
inflammatory conditions such as diverticulitis or 
labyrinthitis rather than diseases caused by micro- 
organisms [89] . There was no evidence of increased 
risk of opportunistic infections or immune-related 
neoplasms. No evidence of a progressive increase 
risk of either infection or malignancy was observed 
in the FREEDOM extension study. Rare, isolated 
cases of anaphylaxis associated with denosumab 
therapy have been reported [90, 91]. 

Hypocalcemia 

Denosumab, like other potent anti-remodeling 
agents, has potential to induce hypocalcemia. 
This complication of therapy was not observed in 


the FREEDOM study or numerous other phase 2 
and phase 3 studies. However, all patients in 
those studies received calcium and vitamin D, 
and patients with vitamin D deficiency were 
excluded. Isolated case reports of hypocalcemia, 
sometimes severe and prolonged, have been 
described [92-94]. The risk of hypocalcemia 
may be greater in patients with significantly 
impaired renal function or with other metabolic 
bone diseases, particularly those associated with 
hypoparathyroidism, osteomalacia, and impaired 
bone mineralization [95]. Vitamin D deficiency 
should be corrected prior to starting therapy, and 
treatment is contraindicated in patients with 
hypocalcemia. 


Parathyroid Hormone Analogs 

Intact PTH (PTH 1-84) and teriparatide (PTH 
1-34), given by daily subcutaneous injections, 
increase bone formation and, subsequently, bone 
resorption. Bone mineral density increases sig- 
nificantly after 1-2 years of treatment. Trabecular 
microarchitecture and cortical thickness of the 
iliac crest improved. Vertebral fracture risk was 
reduced after 18-24 months of treatment with 
both drugs [96, 97]. Non- vertebral fracture risk 
was reduced by 35 % after a median of 19 months 
of treatment with teriparatide. A significant effect 
on non-vertebral fracture risk was not observed 
in the 24 months of trial with intact PTH. PTH 
1-84 has recently been voluntary withdrawn from 
the European market by the manufacturer [98]. 

General Safety and Tolerability 

Few safety issues other than hypercalcemia 
and hypercalciuria were noted during the pivotal 
clinical trials. Muscle cramps occurred more fre- 
quently with teriparatide therapy, sometimes 
resulting in discontinuation of treatment. 
Regulatory restriction limits the duration of treat- 
ment to 18-24 months, the median length of 
treatment in pivotal trials, although effects on 
bone metabolism and fracture risk appear to per- 
sist for at least 3 years of teriparatide treatment in 
patients receiving glucocorticoids [99]. 
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Hypercalcemia and Hypercalciuria 

Mild hypercalcemia, usually transient, occurred 
in 1 1 % and 28 % of patients who received teripa- 
ratide 20 pg or 40 pg daily, respectively, com- 
pared to 2 % in the placebo group [96]. With the 
20 pg daily dose, 95 % of patients with hypercal- 
cemia had values less than 11.2 mg/dl 
(2.80 mmol/1). When measured at multiple times 
over 12 months, teriparatide 20 pg daily was 
associated with an increase in 24-h urinary cal- 
cium excretion from baseline by up to 32 mg/day 
compared with placebo at the same time point 
(P<0.05) [100]. Hypercalcemia or hypercalci- 
uria infrequently caused discontinuation of treat- 
ment. The higher incidence of hypercalcemia in 
the 40 pg group was the one reason that the 20 pg 
dose of teriparatide received regulatory approval. 
This agent is to be used with caution in patients 
with hypercalcemia or history of renal stones 
[ 101 ]. 

Risk of Osteosarcoma 

In rats receiving large doses of teriparatide for 
most of their lifetime, a dose-dependent risk of 
osteosarcoma was observed [102]. This resulted 
in regulatory warnings about the potential for 
osteosarcoma with teriparatide. Therapy is con- 
traindicated in patients at risk for osteosarcoma 
including patients with Paget’s disease of bone, 
unexplained elevations of serum alkaline phos- 
phatase, children and adolescents with open 
epiphyses, and patients with a history of skeletal 
radiation [101]. Isolated cases of osteosarcoma 
have been reported in patients with exposure to 
teriparatide, but the number of reported cases is 
not greater than anticipated in untreated older 
adults [103-105]. The Osteosarcoma Surveillance 
Study, an ongoing 15 -year post-marketing sur- 
veillance study initiated in 2003, evaluates the 
potential association between teriparatide and 
development of osteosarcoma. After 7 years of 
surveillance, no signal of a causal association 
between teriparatide treatment and osteosarcoma 
in humans has been observed [106]. Because of 
the possibility of activating skeletal metastases, 


teriparatide should not be used in patients with 
malignancies involving or potentially involving 
the skeleton. 


Strontium Ranelate 

This drug is an approved treatment for osteoporo- 
sis in most of the world except the United States 
and Canada. Therapy reduced vertebral and non- 
vertebral fractures in postmenopausal women 
with osteoporosis [107, 108]. Hip fracture risk 
reduction was only demonstrated in a post hoc 
analysis of a high-risk subgroup of patients. 
Treatment resulted in significant increases in bone 
mineral density, due primarily to deposition of 
strontium into skeletal tissue [109]. The effects of 
strontium ranelate therapy on biochemical mark- 
ers of bone remodeling are very small or nil [1 10]. 

General Safety and Tolerability 

In the two major clinical trials, diarrhea, nausea, 
headache, and skin rashes occurred more often 
with strontium ranelate than with placebo, most 
commonly in the first 3 months of treatment. 
Elevation of serum creatine kinase occurred more 
frequently with therapy than with placebo [111]. 
Patients with marked renal impairment of renal 
function were excluded from the clinical trials, and 
the drug is not recommended in patients with cal- 
culated creatinine clearance of <30 ml/min [112]. 

Venous Thrombotic Events 

An increased risk of venous thrombotic events was 
noted after 5 years of strontium ranelate therapy 
[112]. Deep vein thrombosis or pulmonary embo- 
lism occurred in 2. 1 % of the placebo group and in 
2.7 % of treated patients (OR 1.30, 95 % Cl 0.90- 
1.88). Reviews of cohorts in the United Kingdom 
have not confirmed an increased incidence of 
venous thromboembolic events (VTE) [113-115]. 
Therapy is contraindicated in patients with current 
or previous VTE and those with temporary or per- 
manent immobilization or prolonged bed rest. 


20 Other Safety Concerns 


287 


Serious Skin Reactions 

In post-marketing studies, rare but serious and 
even fatal cases of skin lesions including DRESS, 
Stevens-Johnson syndrome, and toxic epidermal 
necrolysis have been reported with strontium 
ranelate [116]. The highest risk of these problems 
appears to be within the first weeks of treatment. 

Cardiovascular Risk 

In a recent routine evaluation of safety data in 
pooled randomized placebo-controlled studies of 
strontium ranelate in postmenopausal women 
with osteoporosis, an increased risk of cardiovas- 
cular events was observed [117]. Myocardial 
infarction occurred more in strontium ranelate- 
treated patients (1.7 %) compared to placebo 
(1.1 %), with a relative risk of 1.6 (95 % Cl [1.07, 
2.38]). Analyses of other large cohorts have not 
confirmed this effect [1 18]. It is not known if this 
apparent increased risk is truly due to the drug or 
to other differences between the treated and con- 
trol populations [119]. In 2013, the EM A sug- 
gested that strontium ranelate not be used in 
patients with risk factors for heart disease [120]. 
Upon further review, in early 2014, the EMA’s 
Pharmacovigilance Risk Assessment Committee 
(PRAC) recommended that the drug should no 
longer be used to treat osteoporosis [121]. 
However, the EMA chose to allow strontium 
ranelate to remain on the market but with warn- 
ings that the drug not be used in patients with 
including uncontrolled hypertension or estab- 
lished, current or past history of ischemic heart 
disease, peripheral arterial disease and/or cere- 
brovascular disease [122]. 


Safety of Osteoporosis Drugs 
in Children and Pregnancy 

No studies have specifically evaluated either the 
efficacy or safety of any osteoporosis drug in 
children or in women who are pregnant or 
breast-feeding. No drug is approved for the 
treatment of osteoporosis in children, pregnancy, 
or premenopausal women, and there are no or 


very limited data (with bisphosphonates) about 
the safety of osteoporosis agents in these popu- 
lations. Bisphosphonates are used to treat osteo- 
genesis imperfecta in children and for short-term 
therapy of rare cases of juvenile osteoporosis 

[123] . In pregnant rats and rabbits, bisphospho- 
nate administration is associated with abortion, 
stillbirth, and maternal mortality, due principally 
to hypocalcemia. Rare abnormalities in fetal 
development in animals have been described 
with high-dose bisphosphonate exposure, 
although very limited experience has not dem- 
onstrated a problem with human pregnancies 

[124] . Oral bisphosphonates are to be used with 
caution in women at risk for pregnancy, while IV 
zoledronic acid is contraindicated in pregnancy 
[33]. Estrogen agonists/antagonists induce bone 
loss in estrogen-replete women and are contrain- 
dicated in pregnancy for the may cause interrup- 
tion of the pregnancy and/or fetal harm [125]. 
PTH analogs should not be used in pediatric and 
young adult patients with open epiphyses due to 
possible risk of osteosarcoma. PTH [101] and 
denosumab therapy in animals can cause fetal 
harm [91]. Calcitonin is predicted to have low 
probability of adverse effects during pregnancy 
or childhood, but no studies have documented 
effectiveness in these patients. Oral bisphospho- 
nates, calcitonin, and teriparatide have a 
Category C label for pregnancy, while IV zole- 
dronic acid and denosumab have Category D 
and X labels, respectively. There are no data 
about the use of strontium ranelate in children or 
in pregnancy. 


Conclusion 

Making decisions about osteoporosis treatments 
requires knowledge of both the benefits and the 
risks or potential complications of treatment 
options. Osteoporosis medications are generally 
very effective and very well tolerated. Mild to 
moderate intolerance (GI distress, muscle cramps) 
limits acceptance and persistence with therapy in 
some patients. Serious or life-threatening side 
effects are very uncommon. In patients with 
osteoporosis at high risk for fracture (the appro- 
priate candidates for pharmacological therapy), 
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the benefit-to-risk ratio is very favorable, except 
for perhaps calcitonin. This risk ratio can be 
improved by avoiding specific treatments in 
patients at risk for potential complications of that 
therapy and by monitoring the patients regularly. 
By appreciating the magnitude of the salutary 
effects of treatments as well as the frequency and 
nature of specific safety concerns with individual 
drugs, physicians can communicate this informa- 
tion more effectively to patients and can make 
more appropriate therapeutic decisions, thereby 
improving effectiveness of patient care. 
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Summary 

• Patients often experience a prodrome of dull 
aching pain weeks to months prior to atypical 
femur fracture. 

• Although there is concern that long-term 
bisphosphonate use is associated with serious, 
rare adverse events, the benefits of using 
osteoporosis medication to prevent fracture 
outweigh the risks identified. 

• Bisphosphonate drug holidays can be consid- 
ered for patients who are a low-fracture risk after 
3-5 years of therapy with bisphosphonates. For 
high-fracture risk patients with osteoporotic 
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bone mineral density (BMD) and a history of 
fragility fracture, bisphosphonate therapy should 
be continued without drug holidays. 

• Health professionals may report post- 
marketing adverse events to national and 
international bodies and highlight clinical 
recommendations . 

• The development of an international registry to 
identify patients who have experienced these 
adverse events with bisphosphonates and 
denosumab is an important future direction. 


Introduction 

A growing prevalence of osteoporosis with an 
increasingly large geriatric population represents 
one of the modem healthcare system’s prominent 
challenges [1]. Osteoporosis is characterized by 
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low bone mass and microarchitectural deteriora- 
tion of bone tissue that increases the risk of frac- 
ture [1]. Clinical complications of osteoporosis 
include increased risk of joint pain and fracture, 
particularly of the hip, vertebrae, and wrist [1]. A 
high prevalence of fractures among older adults 
has been noted in particular, and serious conse- 
quences of fractures in the geriatric population 
have been evidenced. One in four individuals 
suffering hip fractures dies within a 5 -year period 
following their injury [2]. It is, therefore, impor- 
tant for physicians to not only diagnose patients 
with osteoporosis accurately and efficiently but 
also to appropriately prescribe appropriate medi- 
cations targeted at improving bone density and 
reducing the risk of fracture. 

The ultimate goal of clinical practice guide- 
lines is to develop a more standardized approach 
and balance benefits, harms, and cost- 
effectiveness. Approaches to guideline develop- 
ment for osteoporosis have varied in terms of the 
use of systematic review methodology, of 
evidence-grading systems, and application of the 
Appraisal of Guidelines Research and Evaluation 
Framework (AGREE), resulting in different 
approaches and recommendations. Aside from 
the differences in methodology, the challenges in 
distilling the growing volume of guidelines is an 
issue for end users of these recommendations. 

National and international regulatory organi- 
zations have developed and/or amended guide- 
lines for assessment and treatment of osteoporosis 
in response to recent concerns regarding rare but 
serious adverse events associated with long-term 
utilization of widely prescribed osteoporosis 
pharmacotherapy. These adverse events include, 
but are not limited to, atypical fractures and 
osteonecrosis of the jaw (ONJ). The purpose of 
this chapter is to review recommendations of 
these scientific national and international bodies 
on the duration of safety of osteoporosis thera- 
pies of anabolic and antiresorptive medications. 
In particular, dosage recommendations, adverse 
events, drug holiday recommendations, and sup- 
porting research evidence considered by these 
national and international bodies in decision- 
making are explored. 


Randomized Controlled Trials 
and the Evaluation of Efficacy 
and Harms 

Randomized controlled trials are essential to 
establishing the efficacy of drugs. However, they 
may be underpowered to detect uncommon or 
rare but clinically significant adverse drug events, 
especially those that develop after prolonged 
exposure. A number of other study methodolo- 
gies, including pragmatic trials, have been sug- 
gested to address this issue. 

Randomized controlled trials on bisphospho- 
nates for the prevention and treatment of osteo- 
porosis represent one such case of the limitations 
of such studies to detect uncommon adverse 
drug events, even after prolonged exposure. 
Bisphosphonates were shown to reduce fracture 
risk in a number of randomized controlled trials 
involving 3000-7500 postmenopausal women 
over 3-5 year durations and subsequent meta- 
analysis [3-13]. With long-term bisphosphonate 
use, there were a number of post-marketing 
reports of atypical subtrochanteric fractures and 
ONJ. Black et al. (2012) reported that approxi- 
mately 1 in 7 postmenopausal women in the 
United States was prescribed a bisphosphonate 
[13]. Ultimately, post-marketing reports resulted 
in a review by the Food and Drug Administration 
(FDA) to address the safety and efficacy of 
these medications beyond the 3-5 -year periods 
of previously conducted clinical trials [14]. 
Internationally, a number of countries’ health 
agencies addressing drug registration and 
approval subsequently revised their recommen- 
dations for this class of medications. 


American Society for Bone 
and Mineral Research 

The American Society for Bone and Mineral 
Research (ASBMR) is a medical society encom- 
passing over 4000 researchers, physicians, and 
health professionals. Since the approval of 
bisphosphonates by the Food and Drug 
Administration (FDA), there have been a number 
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of post-marketing studies reporting potential 
adverse effects of bisphosphonates. The ASBMR 
formed two task forces, one on ONJ in 2007 and a 
second on atypical fractures in 2010 [15-18]. The 
committees, which included international and 
multidisciplinary experts, reviewed both pub- 
lished (case reports, case series, and epidemio- 
logic data) and unpublished data and interviewed 
pharmaceutical companies. The ASBMR pro- 
vided testimony to the FDA Advisory Committee 
for Reproductive Health Drugs and the Drug 
Safety and Risk Management Committee with a 
focus on the two task forces on bisphosphonate 
use. 


ASBMR Osteonecrosis of the Jaw 

Bisphosphonates decrease fracture risk in 
patients with osteoporosis. However, they have 
been associated with potential risks, including 
ONJ and atypical femur fractures. Bisphosphate- 
related ONJ is defined by the ASBMR as being 
“associated with exposed bone in the maxillofa- 
cial region that did not heal within 8 weeks after 
identification by a health care provider, in a 
patient who was receiving or had been exposed 
to a bisphosphonate and had not had radiation 
therapy to the craniofacial region” [15]. The risk 
of ONJ is greatest in the oncology patient popu- 
lation (1-15 %), particularly with high doses or 
frequent doses. Overall, risk associated with oral 
bisphosphonate therapy for osteoporosis seems 
to be low, estimated between 1 in 10,000 and 
<1 in 100,000 patient-treatment years [19, 20]. 
However, the task force recognized that infor- 
mation on the incidence of ONJ is rapidly evolv- 
ing and that the true incidence may be higher. 
Risk factors for ONJ include glucocorticoid use, 
maxillary or mandibular bone surgery, poor oral 
hygiene, chronic inflammation, diabetes melli- 
tus, ill-fitting dentures, as well as antiangio- 
genic agents [16]. Prevention strategies for 
ONJ include elimination or stabilization of oral 
disease prior to initiation of antire sorptive 
agents and good oral hygiene [16]. Management 
of ONJ is based on the stage of the disease, size 
of lesions, comorbidity, and presence of 


contributing drug therapy [16]. Ongoing reports 
and assessments of ONJ include independent 
international studies and post-marketing studies. 
In the future, improved diagnostic imaging 
modalities, such as MRI combined with contrast 
agents and the manipulation of image planes, 
may identify patients at preclinical or early 
stages of the disease. 

The ASBMR has recently identified and 
reported an increased risk of ONJ with deno- 
sumab use. 

ASMBR Atypical Femur Fracture 

There has been considerable concern from clini- 
cians and patients regarding atypical fractures 
involving the subtrochanteric and diaphyseal 
femur. ASBMR updated its original definition of 
atypical fractures of the femur in 2014 to include 
the following criteria: (1) associated with mini- 
mal or no trauma; (2) fracture line originating at 
the lateral cortex and running substantially trans- 
verse in its orientation, although it may become 
oblique as it progresses medially across the 
femur; (3) complete extension through both cor- 
tices and possible association with the medial 
spike; (4) non-comminuted or minimally commi- 
nuted fracture; and (5) localized periosteal or 
endosteal thickening of the cortex present at the 
fracture site [17]. Atypical fractures represent 
only 1 % of all hip and femur fractures and are 
thought to be stress fractures. These fractures 
seem to be more common in those exposed to 
bisphosphonates; however, they also occur in 
those without exposure. While there is evidence 
to suggest the occurrence of atypical subtrochan- 
teric and diaphyseal femoral fractures, the mag- 
nitude of the effect is unknown, and events have 
primarily been noted with long-term bisphospho- 
nate use, greater than 3 years with a median of 
7 years [17, 18]. According to the ASBMR, the 
relative risk of atypical femur fractures is high in 
patients using bisphosphonates (3.1-128); how- 
ever, the absolute risk remains low (3.2-50 cases 
per 100, 000). While a decrease in the risk for 
atypical fractures after bisphosphonates are dis- 
continued has been considered, it is not well- 
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evidenced [17] . The committee’s recommendations 
for treatment of atypical fractures include discon- 
tinuation of bisphosphonates, dietary calcium 
and vitamin D assessment and supplementation, 
prophylactic reconstruction nail fixation for 
incomplete fractures accompanied by pain, lim- 
ited weight bearing, and teriparatide (TPTD) 
therapy if conservative therapy does not result in 
healing. Randomized controlled trials are under- 
way to determine if TPTD is beneficial in frac- 
ture healing [18, 21, 22]. 

Risk factors for atypical fractures include 
Asian ethnicity, lower limb geometry, and 
glucocorticoid use. Many patients experience a 
prodrome of dull aching pain weeks to months 
prior to fracture. ASBMR recommends that more 
information is needed to identify patients at high 
risk for atypical fractures and to inform decision- 
making on duration and adverse effects of 
bisphosphonates. Annual review on whether 
bisphosphonates are indicated, healthcare profes- 
sional awareness of warning signs, and the devel- 
opment of an international registry to identify 
patients who have experienced these adverse 
events are pertinent [17, 18]. 

The ASBMR has recently identified and 
reported an increased risk of atypical fractures 
with denosumab use. 


Food and Drug Administration 

An agency within the US Department of Health 
and Human Services, the FDA strives to protect 
public health by promoting safety, effectiveness, 
quality, and security through regulation of medi- 
cal products and tobacco, foods and veterinary 
medicine, global regulatory operations and pol- 
icy, and operations. Post-marketing reports of 
atypical femur fractures, ONJ, and esophageal 
cancer resulted in the FDA completing a system- 
atic review assessing bisphosphonates [14]. 
Other post-marketing reports of adverse events 
have included hypersensitivity reactions, muscu- 
loskeletal events (myalgias, bone joint muscle 
pain, and joint swelling), gastrointestinal events 
(esophagitis, esophageal ulcers, gastric or duode- 


nal ulcers), skin rashes, pruritus, Stevens- 
Johnson syndrome, and toxic epidermal 
necrolysis, with rare reports of uveitis, scleritis, 
episcleritis, and hypocalcaemia. 

The FDA also reviewed extension studies 
assessing bisphosphonates, including the 
Fosamax Fracture Intervention Trial Long-Term 
Extension (FLEX), the Reclast Health Outcomes 
and Reduced Incidence with Zoledronic Acid 
Once Yearly-Pivotal Fracture Trial (HORIZON- 
PFT), and the Actonel Vertebral Efficacy with 
Risedronate Therapy-Multinational Trial 
(VERT-MN) [14, 23-28]. These extension trials 
were primarily evaluated and were supplemented 
by long-term extension trials including 164-1233 
participants and evaluated BMD as a surrogate 
outcome [23, 28]. These trials all demonstrated 
that 5 years of bisphosphonate treatment resulted 
in the stabilization of BMD at the femoral neck 
and continuing increases in lumbar spine 
BMD. In participants who were randomized to 
placebo thereafter, the BMD at the femoral neck 
decreased for the first 1-2 years and then 
remained stable, while lumbar spine BMD con- 
tinued to increase. 

The optimal duration of bisphosphonate treat- 
ment for osteoporosis is unknown based on FDA 
recommendations. Bisphosphonate medications 
approved for the prevention and/or treatment of 
osteoporosis have clinical trial data supporting 
fracture reduction efficacy through at least 3 
years and, in some cases, through 5 years of treat- 
ment [29]. The regulatory body added a 
Limitations of Use statement in the indications 
and usage section of the labels for these drugs, 
based on its findings on atypical fractures and 
concerns regarding the duration of bisphospho- 
nate use [30] . The FDA is continuing its evalua- 
tion of data examining the safety and effectiveness 
of long-term bisphosphonate use (greater than 
3-5 years) for the treatment and prevention of 
osteoporosis. 

The FDA has recently acknowledged that 
denosumab increases patients’ risk of atypical 
fractures and ONJ and advised physicians to 
closely monitor patients prescribed with deno- 
sumab for these adverse events. 
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Agency for Healthcare Research 
and Quality 

The Agency for Healthcare Research and Quality 
(AHRQ) is an agency that is part of the US 
Department of Health. The department supports 
healthcare research in order to disseminate infor- 
mation to healthcare professionals worldwide. 

A clinical research summary was written in 
2013 to update treatment and prevention recom- 
mendations for osteoporotic fractures. This 
update to the AHRQ’s initial 2007 report 
included a systematic review of 567 clinical 
studies comparing safety and effectiveness of 
osteoporosis treatments [31]. The review nota- 
bly found that (a) vertebral fractures were 
reduced by bisphosphonates (alendronate, rise- 
dronate, and zoledronic acid), denosumab, ral- 
oxifene, and TPTD; (b) non- vertebral fractures 
were reduced by bisphosphonates, denosumab, 
and TPTD; and (c) hip fractures were reduced 
by bisphosphonates and denosumab. The evi- 
dence for fracture reduction was greatest for 
those with BMD scores in the osteoporotic 
range (<-2.5) and those with preexisting verte- 
bral fractures [31]. There was limited evidence 
for treatment beyond 5 years in reduction of 
vertebral fractures. 

Although there is significant evidence that 
osteoporosis medications reduce fracture risk and 
increase BMD, there are also adverse events and 
side effects associated with the use of osteoporo- 
sis medications. Table 21.1 outlines adverse 
events associated with osteoporosis medications. 
Table 21.2 outlines possible side effects associ- 
ated with osteoporosis medications. Dosage, 
duration, and frequency of medication can be 
associated with an increased risk of adverse 
events [31]. Post hoc analysis of major clinical 
trials included a review of all fractures below the 
lesser trochanter but above the distal metaphyseal 
flare [4, 8, 24, 32]. This included 284 cases of 
14,195 women randomized to these trials. Twelve 
cases of atypical fractures were identified; how- 
ever, results were not statistically significant, and 
the trials were underpowered to detect these 
adverse events [33]. 


National Osteoporosis Foundation 

The National Osteoporosis Foundation (NOF) 
focuses on patient and professional education, 
advocacy, and research in the United States. 
Their recommendations target both healthcare 
providers and individuals with osteoporosis and 
are based on FDA recommendations to regularly 
monitor patients and individualize treatment 
plans. NOF’s clinical guide to prevention and 
treatment of osteoporosis was updated in 2013 
[34] and includes useful tools for clinicians on 
how to assess risk and when treatment should be 
indicated. 

NOF Antiresorptive Therapy 

Bisphosphonate medications have been known to 
involve adverse effects, most commonly gastroin- 
testinal related. Unusually, there have been reports 
of bisphosphonate-related ONJ; however, ONJ 
risk in bisphosphonate-treated patients is unknown, 
and the risk appears to be low for at least up to 5 
years of treatment [35]. The risk of ONJ also 
appears to increase in cancer patients receiving 
intravenous bisphosphonates. The NOF recom- 
mends that patients should speak to their doctors 
prior to discontinuing treatment. Atypical subtro- 
chanteric and diaphyseal femoral fractures have 
been reported, although they are considered to be 
rare and associated with long-term use (>5 years). 
Symptoms of atypical subtrochanteric and diaphy- 
seal femoral fractures include thigh and groin pain 
and should be reported immediately [35]. 

Alendronate has been approved by the FDA 
for the prevention and treatment of osteoporo- 
sis. It is recommended that patients receive 
5 mg daily or 35 mg weekly for the prevention 
of osteoporosis and 10 mg daily (tablet) or 
70 mg weekly (tablet) with 2800 IU or 5500 IU 
of vitamin D and 70 mg effervescent (tablet) for 
the treatment of osteoporosis. Alendronate has 
been shown to decrease the incidence of spine 
and hip fracture by 50 % and vertebral fracture 
by 48 % (without prior vertebral fracture) over 3 
years [35]. 
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Table 21 .2 Additional possible side effects (AHRQ) [31] 


Medications 

Adverse effect(s) 

Alendronate, 

Musculoskeletal pain 

risedronate, and 

Hypocalcemia 

ibandronate 

Osteonecrosis of the jaw 
Severe irritation of upper 
gastrointestinal mucosa 

Zoledronic acid 

Severe musculoskeletal pain 
Renal toxicity and acute 
renal failure 

Denosumab 

Hypocalcemia 

Osteonecrosis of the jaw 

Teriparatide 

Increased risk of bone 

cancer 


With permission from Treatment to Prevent Osteoporotic 
Fractures: An Update — Clinician Research Summary 
(AHRQ Publication No. 12-EHC023-3). Rockville, MD: 
Agency for Healthcare Research and Quality. May 2012. 
Available at http://effectivehealthcare.ahrq.gov/index. 
cfm/search-for-guides-reviews-and-reports/?productid=l 
048&pageaction=displayproduct#5272 

Ibandronate has been approved by the FDA 
for the treatment of postmenopausal osteoporo- 
sis. The FDA recommends that patients receive a 
150 mg monthly tablet and 3 mg every 3 months 
by intravenous injection. Ibandronate has shown 
to decrease the incidence of vertebral fractures by 
50 % over 3 years; however, the reduction in risk 
of non-vertebral fracture has not been docu- 
mented [36]. 

Risedronate is approved by the FDA for the 
prevention and treatment of osteoporosis in post- 
menopausal osteoporosis. It is recommended that 
patients receive 5 mg daily tablet, 35 mg weekly 
tablet, 35 mg weekly delayed release tablet, 
35 mg weekly tablet packaged with six tablets of 
500 mg calcium carbonate, 75 mg tablets on 2 
consecutive days every month, or 150 mg 
monthly tablet. Risedronate has shown to reduce 
the incidence of vertebral fracture (41-49 %) and 
non-vertebral fracture (36 %) over 3 years [37]. 

Zoledronic acid has been approved for the 
treatment and prevention of osteoporosis in post- 
menopausal women, improved bone mass in men 
with osteoporosis, and for the prevention and 
treatment of osteoporosis for men and women 
expected to be on glucocorticoid therapy for at 
least 3 months. Zoledronic acid is administered 
intravenously for 15 min (5 mg) once a year for 


treatment and once every 2 years for prevention 
[38]. Zoledronic acid has been shown to reduce 
the incidence of vertebral fracture (70 %), hip 
fractures (41 %), and non-vertebral fractures 
(25 %) over 3 years [38]. Zoledronic acid can 
affect renal function and is contraindicated in 
patients with creatinine clearance less than 35 
mL/min and with renal impairment [38]. Patients 
receiving zoledronic acid should be identified as 
at-risk and should have creatinine clearance 
monitored prior to each dose administered [38]. 

Estrogen (ET) and hormone therapy (HT) has 
been approved by the FDA for the prevention of 
osteoporosis. The Women’s Health Initiative 
(WHI) found that ET/HT has been proven to 
reduce the risk of vertebral and hip fracture (34 %) 
and other osteoporotic fractures (23 %) over 5 
years [39]. The FDA recommends that ET/HT be 
used only to treat moderately severe menopausal 
symptoms, for the shortest time necessary; ET and 
HT should only be used for the prevention of 
osteoporosis, and approved non-estrogen treat- 
ments should be considered first [39]. 

Denosumab has been approved by the FDA 
for the treatment of postmenopausal women at 
high risk of fracture. Denosumab is administered 
by a health professional twice a year at a dosage 
of 60 mg. Denosumab has been proven to reduce 
the risk of vertebral fracture (68 %), hip fracture 
(40 %), and non-vertebral fracture (20 %) over 
the course of 3 years. However, it has also 
been associated with ONJ and atypical femur 
fractures [40, 41]. 

NOF Anabolic Therapy 

Parathyroid hormone TPTD has been approved 
by the FDA for the treatment of osteoporosis in 
postmenopausal women, men at high risk for 
fracture, and patients at high risk of fracture with 
osteoporosis associated with sustained systemic 
glucocorticoid therapy [34]. It is recommended 
that patients are administered a daily injection of 
20 pg daily. TPTD has shown to decrease the 
incidence of vertebral fractures (65 %) and non- 
vertebral fractures (53 %) following 18 months 
of therapy. TPTD is not recommended for 
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patients at risk for osteosarcoma (including those 
with Paget’s disease, prior radiation of the skele- 
ton, bone metastases, or hypocalcaemia) based 
on high osteosarcoma incidences identified in rat 
models. It is also recommended that patients do 
not receive TPTD treatment for more than 2 years 
and receive an antiresorptive agent such as a 
bisphosphonate to increase BMD [42] . 


Osteoporosis Canada 

Osteoporosis Canada promotes osteoporosis risk 
reduction and treatment, providing medically 
accurate information to patients, healthcare pro- 
fessionals, and the public. The organization pub- 
lished guidelines in 2010, reviewing when 
osteoporosis pharmacotherapies including alen- 
dronate, risedronate, and zoledronic acid should 
be discontinued to prevent high-risk fracture in 
patients with osteoporosis [43]. According to 
Osteoporosis Canada, adverse events caused by 
bisphosphonates are considered to be rare, 
including ONJ and atypical fractures of the 
femur. The absolute risk of bisphosphonate- 
related ONJ is approximately 1 case per 100,000 
person-years when bisphosphonates are adminis- 
tered for osteoporosis treatment [44]. The devel- 
opment of ONJ increases when individuals have 
poor oral hygiene and if oncology patients are 
receiving high-dose antiresorptive treatment. 
According to Osteoporosis Canada, little is 
known about features associated with atypical 
fractures of the femur. The absolute risk of 
bisphosphonate-associated atypical subtrochan- 
teric diaphyseal femur fracture is between 2 and 
78 cases per 100,000 persons [44]. However, 
while long-term clinical trial data has not shown 
an increase in atypical fracture of the femur risk, 
some studies have indicated that these trials are 
too small in nature to detect uncommon events 
[13, 44-46]. The most common bisphosphonate- 
associated with atypical femoral fractures is alen- 
dronate, likely due to its earlier availability 
relative to other currently used bisphosphonates. 

Individuals at high risk for fracture are recom- 
mended to continue osteoporosis therapy without 
a drug holiday (Grade D evidence) as their anti- 


fracture benefits considerably outweigh potential 
for harm. This decision was based on rates of 
clinical vertebral fractures being reduced by 
55 % for those who remained on alendronate 
therapy, compared to those who discontinued 
after 5 years in the FLEX trial [47] . High risk was 
identified as those over the age of 50 who had a 
prior fragility fracture of the hip or vertebrae, or 
those that suffered more than one fragility frac- 
ture, being offered a pharmacological therapy 
(Grade B evidence) or as greater than 20 % frac- 
ture probability, a major fracture probability over 
10 years, using either FRAX or CAROC (Grade 
D evidence). Adverse effects were evidenced 
using Cochrane meta-analysis systematic 
reviews, as well as highlighting post-marketing 
surveillance [43]. 

A subsequent position statement on the dura- 
tion of bisphosphonate use and drug holidays 
recommended that drug holidays should be con- 
sidered for patients at low risk of fracture after 
3-5 years of therapy with bisphosphonates [48]. 
For those at high risk of fracture with a history of 
fragility fracture or osteoporotic BMD, bisphos- 
phonates should be continued without a drug 
holiday. A radiograph of the full length of the 
femur or a bone scan has been recommended for 
those with a history of thigh pain to assess for 
possible atypical subtrochanteric fractures [43]. 
Osteoporosis Canada findings and recommenda- 
tions are in agreement with the ASBMR, FDA, 
and AHRQ. 


Health Canada 

Health Canada is the nation’s federal regulator 
of therapeutic drugs and provides public infor- 
mation on human pharmaceutical and biological 
drugs, veterinary drugs, and disinfectant prod- 
ucts approved for use in Canada. The organiza- 
tion is in agreement with Osteoporosis Canada 
and has encouraged practicing clinicians to rec- 
ognize that while the risk of adverse events is 
higher with bisphosphonate use, it remains 
minor and osteoporosis-related fracture preven- 
tion benefits outweigh ONJ and atypical femoral 
fracture risks [43, 44]. 
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European Medicines Agency 

The European Medicines Agency (EMA) con- 
ducts scientific evaluations and European public 
assessment reports (EPARs) of pharmaceuticals 
developed for use. Authorization assessments are 
conducted based on scientific criteria related to 
quality, safety, efficacy, and risk-benefit standards, 
and EPARs establish the scientific criteria based 
on which a pharmaceutical was granted authoriza- 
tion, as well as a detailed summary of product 
characteristics, labeling/packaging, and assess- 
ment and authorization procedural steps [49]. 

An increased risk of atypical fracture of the 
femur with little or no trauma was noted by the 
CHMP’s Pharmaco vigilance Working Group in 
association with alendronic acid use in 2008, 
resulting in a warning addition to the product 
information of related medicines. The Working 
Group also decided to review this risk in other 
bisphosphonates (as a class effect) and identified 
published literature and post-marketing reports 
suggestive of atypical stress femoral fractures as 
a class effect by April 2010, leading to a further 
review by the CHMP to determine the need for 
regulatory action on bisphosphonate-containing 
medicines [50, 51]. 

The CHMP has examined all case reports, epi- 
demiological studies, and other relevant data 
from published literature and industries relevant 
to bisphosphonate-related stress fractures. The 
optimal duration of bisphosphonate treatments 
has not been established by the EMA; the treat- 
ments have been recommended on a continual 
basis, with reevaluation of benefits and potential 
risks on an individual patient basis, particularly 
following 5 or more years of use [50, 51]. 

Authorized by the EU since April 15, 2005, 
zoledronic acid has been recommended as a sin- 
gle intravenous 5 mg infusion for osteoporosis in 
men at increased risk of fracture or with a recent 
low-trauma hip fracture, postmenopausal women, 
patients with long-term systemic glucocorticoid 
therapy, Paget’s disease of the bone patients, and 
low-trauma hip fracture patients (initiated 2 or 
more weeks following fracture repair) [52]. 
Zoledronic acid has been contraindicated in 
patients with creatinine clearance of <35 ml/min 


(severe renal impairment), hypersensitivity to 
bisphosphonates or the drug’s active substance, 
hypocalcaemia, and pregnant and breast-feeding 
women [52]. The HORIZON Pivotal Fracture 
Trial (n-11 36 postmenopausal women with 
osteoporosis) identified one case of ONJ in both 
intervention and placebo-controlled groups. 
Compared to placebo, zoledronic acid was found 
to significantly reduce the days of limited activity 
(p < 0.01) and the days of bed rest due to fractures 
(p<0.01) [26]. Overall, adverse reactions have 
been reported by 44.7 %, 16.7 %, and 10.2 % of 
patients following first, second, and third 
infusions, respectively. Fever (17.1 %), myalgia 
(7.8 %), flu-like symptoms (6.7 %), arthralgia 
(4.8 %), and headaches (5.1 %) were commonly 
reported mild or moderate adverse effects, par- 
ticularly within the first three days following 
administration [26, 52, 53]. An increased inci- 
dence of serious atrial fibrillation adverse events 
was also reported (51/3862 vs. 22/3852 placebo 
patients). Other common adverse events associ- 
ated with zoledronic acid use include ocular 
hyperemia, dizziness, nausea, vomiting, diarrhea, 
bone pain, back pain, extremity pain, chills, 
fatigue, asthenia, general pain, malaise, infusion 
site reactions, and C-reactive protein increases 
[26, 52, 53]. 

Alendronate sodium trihydrate was authorized 
by the EU on January 4, 2007, with a recom- 
mended dosage of one trihydrate tablet once 
weekly [54]. The pharmaceutical is contraindi- 
cated for patients with renal impairment, particu- 
larly for those with a glomerular filtration rate of 
less than 35 mL/min, as well as for those with 
hypersensitivity to the drug’s active substances, 
an inability to stand or sit upright for a minimum 
of 30 min, and esophageal abnormalities or 
esophageal emptying delays [54] . The most com- 
monly reported adverse reactions are upper gas- 
trointestinal adverse reactions (>1 %), including 
abdominal pain dyspepsia, esophageal ulcer, dys- 
phagia, abdominal distension, and acid regurgita- 
tion [54]. Headaches, dizziness, vertigo, alopecia, 
pruritus, bone/joint/muscle pain (sometimes 
severe), joint swelling, asthenia, and peripheral 
edema are other commonly reported adverse 
effects [54]. 
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Denosumab was authorized by the EU on May 
26, 2010 and is recommended as a single subcuta- 
neous 60 mg injection into the thigh, abdomen, or 
upper arm once every 6 months; duration of treat- 
ment is unspecified [55]. Denosumab is not rec- 
ommended for patients under the age of 1 8 years 

[55] . Hypocalcaemia and hypersensitivity to the 
drug’s active substance are contraindicated, and 
adequate vitamin D and calcium intake are rec- 
ommended as precautions [55]. Cellulitis and skin 
infections have also been identified as adverse 
events in postmenopausal osteoporosis patients 
(50/4041 placebo vs. 59/4050 denosumab), male 
osteoporotic patients (1/120 vs. 0/120), and breast 
or prostate cancer patients receiving hormone 
ablation (14/845 vs. 12/860). Clinical studies 
have reported ONJ as an occasional adverse effect 
in patients receiving 60 mg denosumab every 6 
months, those with advanced cancer receiving a 
120 mg dose monthly, and those simultaneously 
receiving hormone ablation [55]. Atypical femo- 
ral fractures have also been reported as well, par- 
ticularly in patients with vitamin D deficiency, 
rheumatoid arthritis, hypophosphatemia, and 
bisphosphonate, glucocorticoid, or proton pump 
inhibitor use [55]. Other commonly associated 
adverse effects include urinary tract infection, 
upper respiratory tract infection, sciatica, cata- 
racts, constipation, abdominal discomfort, rash, 
eczema, and pain in the extremities [55]. 

Authorized since June 10, 2003 by the EU, 
TPTD has been recommended at a dosage of 
20 mg once daily for a maximum of 24 months 
without a second period of administration due to 
the risk of osteosarcoma [56]. Other bisphospho- 
nate treatments and supplemental vitamin D and 
calcium have been recommended as necessary 

[56] . TPTD is not recommended for patients with 
severe renal impairment, is contraindicated for 
use during pregnancy and breast-feeding, and 
may be associated with reproductive toxicity and 
impaired fetal development based on animal 
studies [56]. Preexisting hypercalcemia, meta- 
bolic bone disease such as hyperparathyroidism 
and Paget’s disease of the bone, unexplained 
alkaline phosphatase elevation, prior external 
beam or implant radiation therapy exposure, 
skeletal malignancies, and bone metastases are 


other reported contraindications [56]. Commonly 
reported adverse effects include nausea, limb 
pain, headaches, and dizziness [56]. Across sev- 
eral trials, 82.8 % of patients using TPTD 
reported at least one adverse event versus 84.5 % 
of patients administered a placebo. TPTD has 
also been associated with increased serum uric 
acid concentrations (2.8 vs. 0.7 % placebo 
patients) and cross -reacting antibodies, primarily 
in the first 12 months of therapy [56]. Other 
reportedly common adverse effects associated 
with TPTD include blood cholesterol level 
increases, depression, neuralgic leg pain, faint- 
ness, irregular heartbeats, breathlessness, 
increased sweating, muscle cramps, energy 
decreases, fatigue, chest pain, low blood pres- 
sure, heartburn, vomiting, esophageal hernia, and 
anemia [56]. 

Evaluating all available evidence on bisphos- 
phonate use, the CHMP noted an increase in the 
number of reports of atypical fracture of the 
femur and a distinct X-ray pattern in users since 
its 2008 review, particularly with long-term use. 
This pattern might be related to bisphosphonate 
mode of action, which may cause in delayed 
repair of naturally occurring stress fractures [50]. 

Overall, the CHMP concluded that atypical 
fractures are likely a class effect of bisphospho- 
nates, although they occur rarely and benefits 
outweigh risks involved with their use, based on 
currently available evidence. The European 
Commission put forward four recommendations 
as of July 13, 2011: (a) prescribing doctors 
should be aware that atypical fractures of the 
femur may occur rarely, particularly with long- 
term use, and should examine the other leg as 
well if an atypical fracture is suspected in one; 
(b) prescribing doctors should review continued 
treatment needs regularly, especially after 5 or 
more years of use; (c) patients receiving medi- 
cines should be aware of atypical fracture of the 
femur risks involved and should report any pain, 
weakness, or discomfort in the thigh or groin 
area to their doctor; and (d) patients should 
address questions with their doctor or pharma- 
cist. Additionally, the CHMP recommended the 
amendment of product information to include 
warnings addressing this risk [50]. 
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International Osteoporosis 
Foundation 

International Osteoporosis Foundation (IOF) is a 
global alliance of patient societies, research orga- 
nizations, and healthcare professionals working 
to promote bone, muscle, and joint health. The 
IOF initially published guidelines on the diagno- 
sis and management of osteoporosis in 1997. The 
Scientific Advisory Board of the European 
Society for Clinical and Economic Aspects of 
Osteoporosis and Osteoarthritis (ESCEO) and 
the IOF have developed recent guidelines in 2013 
to stimulate a cohesive approach to the manage- 
ment of osteoporosis in Europe. In 201 1, the IOF 
and ESCEO came together to review evidence 
for a casual association between subtrochanteric 
fractures and long-term treatment of bisphospho- 
nates and identified an association with atypical 
subtrochanteric femoral fractures, but recognized 
RCTs were insufficiently powered to identify 
meaningful associations. The risk-benefit ratio 
still remains in favor of use of bisphosphonates to 
prevent fractures [57]. Therefore, it is recom- 
mended that physicians continue assessing 
patients being treated with bisphosphonates for 5 
or more years [57]. 


Conclusion 

Ultimately guidelines and recommendations are 
intended to inform clinicians and their patients in 
decision-making on the benefits and harms of 
therapy. Although there is concern that long-term 
bisphosphonate use is associated with serious, 
rare adverse events, the benefits of using osteopo- 
rosis medication to prevent fracture outweigh the 
risks identified. Major medical societies and 
international bodies agree that it is important for 
patients at high risk of fracture to continue ongo- 
ing drug therapy. The dose and duration of osteo- 
porosis medication should be determined on an 
individual patient basis. The ultimate goal of 
clinical practice guidelines is to develop a more 
standardized approach and balance benefits, 
harms, and cost-effectiveness. 
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Summary 

• Initiation of pharmacological therapy to 
reduce fracture risk should be a collaborative 
with the physician and patient considering 
available clinical information. 

• Factors for selection of a therapeutic agent 
include the balance of expected benefits and 
potential risks, the likelihood of achieving an 
acceptable level of fracture risk, acceptability 
to the patient, and cost. 

• Fracture liaison services (FLSs) provide a sys- 
tematic method of identifying patients with 
fractures in order to initiate and manage care 
to reduce the risk of future fractures (second- 
ary fracture prevention). 

• Patients who are treated for osteoporosis should 
be periodically reevaluated to determine whether 
treatment should be continued or changed. 
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• For patients who have received long-term 
bisphosphonate therapy and are no longer at 
high risk for fracture, temporary withholding 
of bisphosphonate therapy (a “drug holiday”) 
can be considered. 


Introduction 

The quality of interactions between healthcare 
professionals and patients is important in deter- 
mining the success or failure of osteoporosis 
treatment. Patients at high risk for fracture can be 
identified by means of a directed medical history, 
limited physical exam, and the use of easily 
available clinical tools, such as bone mineral den- 
sity (BMD) testing and FRAX, provided these 
resources are applied. Lifestyle modifications and 
pharmacological therapy can reduce fracture risk 
when patients are well informed on what to do 
(e.g., exercise, fall prevention, calcium and vita- 
min D intake), prescribed an effective medication, 
and then take the medication correctly (compli- 
ance) and long enough (persistence) to benefit. 
Patients are sometimes exposed to frightening 
media reports of possible adverse effects of osteo- 
porosis treatment, often without consideration of 
the balance of expected benefits and potential 
risks. It is the role of the healthcare practitioner to 
see that patients are appropriately evaluated, edu- 
cated on the disease state of osteoporosis and the 
consequences of fractures, and provided with 
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enough helpful information on the balance of 
benefits and risks to be active participants in mak- 
ing healthcare decisions. This chapter addresses 
the challenges faced by healthcare practitioners in 
the long-term management of osteoporosis and 
suggests strategies to improve clinical outcomes. 


Challenges in the Management 
of Osteoporosis 

Despite advances in methods to identify patients at 
high risk for fracture [1] and the availability of 
many pharmacological agents proven to reduce 
fracture risk of osteoporosis [2], osteoporosis is a 
disease that is underdiagnosed [3, 4] and under- 
treated [5]. In the United States, the osteoporosis 
testing/treatment rate in 2013 for women age 65 
years and older after a fracture was 19.1-25.0 %, 
depending on the type of Medicare insurance cov- 
erage [6]. The difference between patients who 
could benefit from osteoporosis treatment and 
those who actually receive it has been called the 
treatment gap [7, 8] . There is also a gap in the qual- 
ity of osteoporosis care due to misuse, overuse, 
and underuse of testing and treatment modalities 

[9] . There are numerous barriers to closing the 
treatment gap, including physician and patient atti- 
tudes toward osteoporosis care, competing health- 
care priorities, cultural factors, insurance coverage, 
and cost. Clinical practice guidelines (CPGs) for 
osteoporosis care are sometimes confusing, vari- 
able, and fail to address important clinical issues 

[10] . Guidelines typically focus on BMD testing, 
evaluating secondary causes of osteoporosis, and 
initiating treatment but provide little if any help on 
selecting a specific medication, changing therapy, 
or stopping therapy. Measures to close the treat- 
ment gap must consider all potential barriers, with 
individualization of treatment decisions according 
to the circumstances of each patient. 


Limited Time for Physician-Patient 
Encounters 

In the 1980s, a study showed that physicians typi- 
cally spent less than 1 min of a 20 min office visit 
discussing treatment plans [11]. In recent years, 


with efforts to contain costs, maximize “produc- 
tivity,” and gather data for electronic medical 
records, the time allocated for primary care office 
visits is even less [12]. The time devoted to 
patient encounters is an important element of 
high-quality clinical care and is necessary for the 
development of trust between the physician and 
patient [13]. When complex and multiple prob- 
lems, especially those that are symptomatic, must 
be addressed within a limited amount of time, 
chronic asymptomatic disorders such as osteopo- 
rosis may be neglected. 

In the setting of limited office visit time, man- 
agement of osteoporosis may be enhanced by 
designating a member of the office staff to be a 
“bone health advocate.” This individual could be 
charged with screening for risk factors for frac- 
ture, ordering or suggesting a BMD test, educat- 
ing patients on lifestyle changes and good 
nutrition, and responding to questions about 
osteoporosis. Posters, brochures, and other hand- 
outs with osteoporosis educational material can 
reinforce what is said in the office. The physician 
should be alerted when there has been a previous 
fracture, especially one that is recent, and when 
there is loss of height that might be due to a ver- 
tebral fracture. In offices with electronic medical 
records, reminders to order a BMD test or refill 
an osteoporosis medication can be generated. 


Prioritizing Health Concerns 

Osteoporosis is sometimes delegated to a low pri- 
ority position compared with other health issues. 
The reasons for this may vary depending on per- 
spective. Since osteoporosis causes no symptoms 
unless a fracture occurs, patients are more likely to 
focus on symptomatic disorders. If a fracture does 
occur, many patients attribute this to a level of 
trauma that might have caused any bone to break, 
rather than recognizing that they may have a bone 
disease that increases the risk of future fractures. 
Physicians often spend the majority of time during 
a patient encounter addressing matters that are 
symptomatic and of greatest concern to the patient. 
Perhaps the best time to consider evaluation and 
treatment of osteoporosis is soon after a fracture 
has occurred, when the pain and disability due to 
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the fracture is receiving attention, or at the time of 
annual wellness visit, when preventive healthcare 
is major part of the healthcare agenda. 


Assessing Fracture Risk 

The assessment of fracture risk is an important 
feature for determining when treatment is likely to 
be beneficial and when consideration should be 
given to stopping treatment, at least temporarily 
(drug “holiday” — see Chap. 16). The clinical 
tools that are commonly used to assess fracture 
risk include BMD testing with dual-energy X-ray 
absorptiometry (DXA) and clinical risk factors 
(CRFs) for fracture, especially advanced age and 
previous fracture as an adult. Fracture risk algo- 
rithms, such as FRAX, can combine BMD and 
CRFs to provide a more robust estimate of frac- 
ture probability than BMD or CRFs alone. FRAX 
and other algorithms are incorporated into CPGs 
to aid physicians in identifying patients for start- 
ing treatment. The ordering of a BMD test and 
assessment of fracture risk can be facilitated by 
office staff, if delegated the responsibility to do so. 

The evaluation of fracture risk in a treated 
patient may be helpful in guiding decisions to 
continue or stop treatment. FDA officials have 
recommended that decisions to continue treat- 
ment with a bisphosphonate be based on the bal- 
ance of benefits and risk, with care to consider 
other factors, such as patient preference [14]. 
This concept has been operationalized by others, 
recognizing that data to support such clinical 
decisions are very limited. FRAX does not appear 
to be a good clinical tool for measuring reduction 
in fracture risk in treated patients [15]. Black 
et al. suggested that patients most likely to bene- 
fit from bisphosphonate treatment longer than 
3-5 years are those with femoral neck T- score 
remaining below -2.5 and those with a somewhat 
higher T- score (-2.5 to -2.0) when there is a 
prevalent vertebral fracture [16]. When the femo- 
ral neck T-score is greater than -2.0, they suggest 
that discontinuation of treatment may be appro- 
priate. It is reasonable to restart treatment with a 
bisphosphonate or other agent when fracture risk 
is again high. The optimal length of time for 
treating with a bisphosphonate is not known. 


Teamwork 

There is no single medical specialty with exclu- 
sive responsibility for the care of osteoporosis; 
almost all specialties, some more than others, 
encounter patients with osteoporosis or fractures, 
at least some of the time. When a patient has a 
fracture, low BMD, or CRFs for fracture, a health- 
care professional should initiate appropriate care, 
with the long-term goal of preventing fractures. 
Most acute fractures are managed by an orthope- 
dist, and for those that involve hospitalization and 
surgery, consultation with a hospitalist or other 
medical specialists is common. Other healthcare 
professionals, such as nurses, nutritionists, 
physical therapists, and physical medicine and 
rehabilitation specialists, play important roles in 
postfracture care. Teamwork is essential. The 
development of systems-based approaches has 
enhanced cooperation of all stakeholders involved 
in the care of patients with osteoporosis. 


Systems-Based Management 

Adults with a previous fracture are at increased 
risk of subsequent fractures [17], with a recent 
fracture being a more robust predictor of subse- 
quent fractures than a remote fracture [18]. 
Fracture risk increases with the number [19] and 
severity of prevalent vertebral fractures [20]. 
Despite the availability of effective and safe treat- 
ments to reduce fracture risk, most patients with 
fractures, even those who are hospitalized in inte- 
grated healthcare systems with hip fractures, are 
not currently being selected for osteoporosis eval- 
uation and treatment [21]. Because of this very 
great unmet need in the care of osteoporosis, the 
concept of a FLS has emerged [22-24]. This is a 
strategy for secondary fracture prevention whereby 
patients with fractures are systematically identi- 
fied so that care can be delivered. The objectives of 
FLS are to assure that fracture patients are assessed 
for the risk of future fractures, evaluated for 
factors contributing to skeletal fragility, educated 
on skeletal health, started on treatment to reduce 
fracture risk when appropriate, and followed to 
assure that treatment is continued long enough for 
anti-fracture benefit to be achieved [22]. 
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The central person associated with successful 
outcomes of FLS is a dedicated coordinator who 
is often a hospital-based nurse educator or dis- 
charge planner. The coordinator acts as a link 
among the patient, the orthopedic team, the 
osteoporosis and falls prevention services, and 
the primary care physician to assure the recom- 
mendations for care are fulfilled. Fall risk assess- 
ment may lead to a focus on weight-bearing 
exercise, core strengthening, and balance training 
which can be helpful [23]. Activities such as 
yoga [25] and Tai Chi [26] may improve balance 
and potentially reduce the risk of fall-related 
fractures. An experienced fitness trainer may be 
able to design a safe regimen of weight-bearing 
and muscle- strengthening physical activities. A 
nutritionist or nurse educator can be helpful in 
discussing lifestyle modifications that include 
adequate intake of calcium, vitamin D, and other 
skeletal nutrients. The coordinator is needed 
because the interventions for fracture prevention 
are typically incomplete or nonexistent, often 
with the expectation that it will be someone else 
who manages the osteoporosis. The use of FLS 
has the potential of enhancing the long-term care 
of patients with osteoporosis by providing a sys- 
tematic method for evaluating and treating high- 
risk patients, including follow-up to facilitate 
long-term adherence to therapy. 


Quality Matters 

Throughout the spectrum of providers and ser- 
vices involved in the management of osteoporo- 
sis, quality is important. There is no better 
example than with bone density measurements. 
BMD testing by DXA is used to diagnose osteo- 
porosis, assess fracture risk, and monitor the 
skeletal effects of therapy. The quality of the test 
determines its clinical utility [27]. An incorrect 
report may be harmful to patients due to needed 
therapy not being started, treatment being pre- 
scribed when it is not necessary, or unnecessary 
tests being ordered to evaluate conditions that 
are not present. The DXA technologist, working 
closely with an experienced clinician, must 
adhere to established quality standards for 


instrument calibration, acquisition of bone 
image, and analysis of the data [28]. Assessment 
of serial changes in BMD requires knowledge of 
the least significant change (LSC), the smallest 
change in value that is statistically significant, 
allowing clinicians to distinguish biologically 
meaningful changes from apparent changes that 
are within the range of error for the measure- 
ment. The LSC must be calculated following 
precision assessment, a standardized method for 
determining the reproducibility of BMD mea- 
surements [28]. 


Risk Communication 

Consideration of risk in the care of patients with 
osteoporosis includes the risk (probability) of 
fracture, with or without treatment, and the risk 
(probability) of an undesirable medical occur- 
rence, commonly called a “side effect,” occurring 
as a result of treatment. Decisions to treat patients 
with osteoporosis are made after an assessment 
of the balance of benefits and risks [29, 30]. The 
primary benefit of treatment is reduction in frac- 
ture risk, recognizing that no treatment can ever 
totally eliminate the possibility of having a frac- 
ture. When the expected benefits of treatment 
outweigh the risks of side effects, then treatment 
is usually recommended. 

Risk communication has been defined as “the 
study and practice of collectively and effectively 
understanding risks” [31]. It is a science-based 
discipline that is used by industry, government, 
and scientists in managing the fear and conse- 
quences of crises of all types, including natural 
disasters, bioterrorism, nuclear threats, and epi- 
demics. Successful risk communication is reassur- 
ing when a hazard is not serious, yet the public is 
in a state of near-panic; when the risk is serious but 
the public is apathetic, it can generate a sense of 
urgency to take action. To be effective, risk com- 
munication must address a fundamental dilemma 
that is very familiar to healthcare professionals, 
i.e., the lack of correlation between the ranking of 
hazards according to statistics (the typical physi- 
cian’s perspective) and the ranking of the same 
hazards by how upsetting they are to patients [32]. 
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The risk of an event that may cause serious harm 
or death (e.g., hip fracture) and the risk of rare pos- 
sible adverse effect of an intervention (e.g., osteo- 
necrosis of the jaw with long-term bisphosphonate 
therapy) to prevent that event may be perceived 
quite differently by physicians and their patients. 
These differences in perspective can lead to physi- 
cian-patient misunderstandings and conflicts, 
with the end result being poor clinical outcomes; 
in the example used above, this could be a hip 
fracture that might not have occurred if a high-risk 
patient had been treated with a bisphosphonate. It 
is therefore an imperative for physician-patient 
interactions to include discussion and understand- 
ing of risk. 

Risk communication for healthcare providers 
is a “one-to-one communication in which the 
intervention includes a stimulus to patients to 
weigh the risks and benefits of a treatment choice 
or behavioral (risk reducing) change” [33]. There 
are many obstacles to effective risk communica- 
tion, including statistical illiteracy for both phy- 
sicians and patients, complexity and uncertainty 
of the medical evidence, distrust of pharmaceuti- 
cal companies, imbalanced reporting by news 
media, inaccurate information online, and 
numerous psychological and social factors that 
influence how we process information about risk 
[25]. The management of these obstacles begins 
with physicians understanding risk so that they 
can explain it to patients. As an example, a rela- 
tive risk of fracture that is “ten times” that of an 
average women of the same age sounds very 
high but may actually represent a low probability 
of fracture when the average women of that age 
has a very low risk. It is for this reason that 
expressing fracture risk as absolute risk (fracture 
probability) offers greater clinical utility [34] 
and is the form that is used in current fracture 
risk algorithms, such as FRAX [35]. Since statis- 
tics of any sort may be difficult to understand, 
another strategy for communicating the level of 
an unfamiliar risk is to compare it with some- 
thing that is more familiar. As an example, it 
might be helpful to explain that traveling in a 
passenger car or light truck, a daily non-frighten- 
ing occurrence for many of us, is associated with 
accidents resulting in death in about 11 per 


100,000 person-years [36] and then compare that 
to osteoporosis therapy. There is accumulating 
evidence that treatment of osteoporosis reduces 
mortality [37] and the risk of osteoporosis of the 
jaw, a nonfatal event associated with long-term 
bisphosphonate therapy that frightens many 
patients, is estimated to be between <1 and 10 
per 100,000 patient-treatment years [38]. 

Uncertainty is a common companion of physi- 
cians attempting to make clinical decisions. The 
applicability of data from prospective random- 
ized placebo-controlled trials to the care of indi- 
vidual patients is often in doubt, as many patients 
in need of treatment for osteoporosis would not 
qualify for participation in the registration studies 
that led to drug approval [39]. Healthcare journal- 
ists provide a valuable service by educating us all 
on important new developments in medicine, 
including new treatments and adverse effects of 
some treatments. However, news reports of terri- 
fying “side effects” of medications sometimes 
fall short of achieving proper balance by failing to 
describe the rarity of an event, the possibility that 
the event may be unrelated to therapy, or the ben- 
efits of therapy in proportion to the risks. Patients 
who look for medical information on the Internet 
may find very helpful reliable information at 
some websites but risk being overloaded by too 
much information from highly biased websites 
that are ultimately attempting to sell a product or 
promote a point of view. It is important for physi- 
cians to stay current with news reports seen by 
their patients so that they are prepared to respond 
when asked questions about them (Table 22.1). 


Decision Aids 

Educational information to enhance physician- 
patient communication can take the form of 
graphs, brochures, videos, models, and other types 
of handouts, collectively called “decision aids.” 
These can reinforce and expand on what was said 
during an office or hospital visit, potentially facili- 
tating clinical decisions. Decision aids can be 
helpful with “close call” decisions, where the bal- 
ance of treatment benefits and risks is uncertain or 
the clinical circumstances are complex. 


Medication Short-term issues Long-term issues Comments 

Estrogen a Decreased hot flashes; Venous thromboembolism; stroke Benefit/risk most favorable in younger postmenopausal women; 
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Persistence of antiresorptive effect after discontinuation of long-term bisphosphonate therapy allows for the possibility of a bisphosphonate holiday, where anti-fracture benefit may 
continue while risks may be diminished 
ONJ osteonecrosis of the jaw 
AFF atypical femur fracture 
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The effectiveness of decision aids were evalu- 
ated in a meta- analysis of 55 randomized con- 
trolled clinical trials [40] . Decision aids performed 
better than usual care in providing patients with a 
greater understanding of the treatment options. 
There were fewer decisional conflicts due to feel- 
ing uninformed, with more patients taking an 
active role in decision-making and fewer patients 
remaining undecided about treatment. Decision 
aids using risk probabilities resulted in a greater 
proportion of patients having accurate risk per- 
ceptions. The use of decision aids did not alter 
patient satisfaction with decision-making, anxi- 
ety, or health outcomes. The authors of the meta- 
analysis concluded that decision aids increased 
patient involvement in decision-making, leading 
to informed values-based decisions. Decision 
aids seemed to be most useful when more than 
one reasonable treatment option was available, 
with no clear advantage of one over the other, and 
each having potential benefits and harms. 

In order for decision aids to be effective, the 
information provided must be accurate and unbi- 
ased. The quality of patient education material 
can be variable and is sometimes incorrect or 
biased. The quality of 165 printed consumer bro- 
chures about osteoporosis was evaluated accord- 
ing to criteria addressing evidenced-based 
content, risk communication, transparency of the 
development process, layout, and design [41]. 
The authors concluded that quality was “utterly 
inadequate,” with failure to provide evidence- 
based data on diagnosis and treatment, regardless 
of the source of the brochure. In another study 
evaluating osteoporosis websites, a wide range of 
quality was observed [42]. Overall quality scores 
were significantly lower for websites with a uni- 
form resource locator (URL) suffix of “.com” 
compared to those with “.gov,” “.edu ,” and “.org .” 

Many decision aids present complex numeri- 
cal information in a graphic format. The design 
features of graphs and the data scale may influ- 
ence their effectiveness. A systematic review 
assessed the findings in 24 studies of graphs 
depicting probabilities, frequencies, or chances of 
occurrence of health-related events [43]. The best 
design for a graph depended on the purpose of the 
risk communication (e.g., understanding risk vs. 


changing behavior) and the demographics of the 
recipients (e.g., educational level, literacy). For 
expressing probability data, “part-to-whole icon 
array graphs” appeared to be more useful than 
providing percentages or proportions. This type 
of graph displays icons (symbols or figures) to 
illustrate the population at risk and highlighted 
icons showing those experiencing an event of 
some kind. Bar graphs are often perceived as ana- 
lytical and difficult to understand [44]. Other 
ways of depicting risk include risk tables, ladders, 
scales, and survival and mortality curves. Each of 
these may be effective in portraying risk, depend- 
ing on the type of risk and the target population. 

A multicenter randomized controlled trial in 
primary care practices evaluated the effectiveness 
of a decision aid to improve osteoporosis treat- 
ment decisions [45]. The intervention in this 
study was an icon array graph displaying each 
patient’s FRAX 10-year probability of major 
osteoporotic fracture with and without bisphos- 
phonate treatment, as well as listing possible side 
effects of treatment and out-of-pocket costs. 
Patients randomized to the control group received 
usual care and received an osteoporosis patient 
education brochure produced by the US National 
Osteoporosis Foundation. Cognitive, behavioral, 
and affective endpoints were assessed, with com- 
pliance and persistence measured at 6 months. It 
was concluded that the decision aid improved the 
quality of clinical decisions about bisphospho- 
nate therapy by improving knowledge transfer 
and patient involvement. The decision aid did not 
alter medication start rates but may have improved 
adherence to therapy. 


Shared Treatment Decision-Making 

Methods for making treatment decisions have 
been classified in three forms [46, 47]. The first is 
“paternalism,” where the physician has all the 
relevant information and is the sole decision- 
maker. The second is “independent choice,” 
where the physician provides the patient with rel- 
evant information and the patient makes all deci- 
sions. The third is “shared treatment 
decision-making,” where the physician and 
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patient share information, discuss treatment 
options, and reach a collaborative decision. With 
shared treatment decision-making, it is appropri- 
ate and usually expected that the physician offers 
a recommendation. The patient is encouraged to 
respond to the recommendation. The physician 
should be receptive to verbal and nonverbal 
responses. A patient who expresses disagreement 
or discomfort with the recommendation is 
unlikely to be adherent to therapy, even if it is not 
rejected outright. The physician must be willing 
to offer an alternative recommendation if the first 
one is not acceptable and should be willing, as 
well, to consider the patient’s proposal for a treat- 
ment plan. Shared treatment decision-making is 
often a negotiation between the physician and the 
patient, with the goal of developing a plan of 
action that is medically reasonable for the physi- 
cian and acceptable for the patient. 

Shared treatment decision-making has been 
shown to improve outcomes with some medical 
conditions [48, 49] and may be helpful in the care 
of osteoporosis [50]. A Cochrane review evalu- 
ated 43 randomized studies involving “patient- 
centered care” [51], which includes studies using 
models of shared decision-making. It was found 
that healthcare providers could be successfully 
trained to improve their ability to share control 
with patients about topics and decisions addressed 
during a consultation. The results were mixed on 
whether patients were more satisfied when pro- 
viders applied these skills. Beneficial effects on 
health behavior and health status were seen with 
interventions that combined provider training 
with decision aids, although the conclusions were 
tentative due to the heterogeneity of outcomes in 
the studies. 


Clinical Practice Guidelines 

CPGs can be defined as “systematically devel- 
oped statements to assist practitioner and patient 
decisions about appropriate healthcare for spe- 
cific clinical circumstances” [52]. The purpose of 
CPGs is “to make explicit recommendations with 
a definite intent to influence what clinicians do” 
[53]. CPGs are commonly developed by a group 


of experts after evaluation of the best available 
medical evidence, often with consideration of 
healthcare policy and costs [54] using systematic 
approaches to achieve consensus [55]. Many pro- 
fessional societies and organizations have 
released CPGs for the treatment of osteoporosis, 
with updates subsequently needed to include new 
data, advances in diagnostic tools, and newly 
available treatments. These CPGs may improve 
health outcomes (i.e., fewer fractures in patients 
with osteoporosis) by advising physicians on 
when to measure BMD, how to assess fracture 
risk, what tests to order in evaluating for second- 
ary causes of osteoporosis, when to start pharma- 
cological therapy to reduce fracture risk, and 
sometimes what drug or drug class to consider 
for initiating therapy. 

Despite the obvious benefits of CPGs, espe- 
cially for practitioners who are unfamiliar with 
management of osteoporosis, there are limita- 
tions as well [56]. CPGs and the evidence from 
which they are derived are helpful for never suf- 
ficient for making clinical decisions with indi- 
vidual patients [57]. Data on efficacy and safety 
of osteoporosis treatments, for example, are 
applicable to groups of patients with specific 
demographics and allowable comorbidities, 
given the limitations of the study design and 
duration. Every patient seen in clinical practice is 
unique, each having his or her own cultural 
beliefs, biases, experiences, confounding health 
issues, concomitant medications, and concerns 
that must be considered alongside the CPGs and 
medical evidence. 


Monitoring Therapy 

Despite abundant evidence in clinical trials for 
efficacy and safety of medications approved for 
the prevention and treatment of osteoporosis, it 
remains uncertain whether each individual 
patient treated with one of these drugs in the clin- 
ical practice setting will achieve that same level 
of benefit and whether the balance of benefit and 
risk with long-term therapy is the same as 
reported for the relatively short duration of regis- 
tration trials. For these reasons, patients treated 
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for osteoporosis are monitored to provide some 
evidence that the treatment is effective and that 
adverse effects of therapy have not developed. 
Monitoring therapy and regular contact with a 
healthcare professional provide opportunities to 
assess the balance of benefit and risk, reassure 
the patient that taking the medication is worth the 
bother and the cost, and may improve adherence 
to therapy [58]. 

The most common measurements used to 
monitor therapy are BMD testing by DXA and 
bone turnover markers (BTMs). Stability or an 
increase in BMD, a decrease in BTMs with anti- 
resorptive therapy, or an increase in BTMs with 
osteoanabolic therapy is generally considered to 
represent a favorable response to the therapy 
[59], with the caveat that the tests are conducted 
at facilities that follow quality standards and that 
the LSC is known. 


Adherence to Therapy 

Pharmacological therapy for osteoporosis must 
be taken correctly and for a sufficient length of 
time for patients to achieve the expected reduc- 
tion in fracture risk. There are many studies 
showing that adherence and persistence with 
osteoporosis is suboptimal, with many or most 
patients discontinuing treatment within 1 year 
after a prescription is written [60] and poor adher- 
ence being associated with poor clinical out- 
comes [61]. A recent systematic review evaluated 
20 studies of interventions intended to improve 
adherence and persistence in adult users of osteo- 
porosis medications [62]. It was concluded that 
simplification of dosing regimens, electronic pre- 
scriptions, decision aids, and patient education 
may improve adherence and persistence, noting 
many limitations of the studies. There was wide 
variation in the quality of the studies, with differ- 
ences in study design, inconsistent definitions for 
measurement of adherence and persistence, lim- 
ited reporting of relevant information reported, 
lack of data on clinical outcomes, and short dura- 
tion of follow-up. More vigorous investigation of 
likely interventions in large randomized con- 
trolled trials was recommended. 


Until more definitive data are available, it is 
prudent for healthcare practitioners to customize 
approaches to improving adherence and persis- 
tence with consideration and understanding of 
issues of greatest importance to each individual 
patient. Potentially useful clinical strategies 
include patient education, effective risk commu- 
nication, shared decision-making, monitoring 
therapy, and periodic reevaluation of the balance 
of benefit and risk with treatment. 


Treat-to-Target 

A good response to therapy (stability or an 
increase in BMD or an appropriate change in 
BTMs) does not necessarily represent achieve- 
ment of an acceptable level of fracture risk. For 
example, in a patient with a very high pretreat- 
ment fracture risk, the expected fracture risk 
reduction with the medication chosen for initial 
therapy may still leave the patient with a higher 
than desirable risk. Recognition of this concept 
has led to consideration of developing a treat-to- 
target strategy for osteoporosis [63, 64], as has 
been effectively used for other chronic asymp- 
tomatic disorders, such as hypertension and dia- 
betes mellitus. An osteoporosis treatment target 
(e.g., a T- score or BTM value) might help physi- 
cians in the selection of an initial agent that is 
most likely to reach that target. If the treatment 
target is reached with bisphosphonate therapy, 
then a drug holiday may be considered. If there is 
a failure to reach the treatment target with initial 
therapy, a change in treatment might be indi- 
cated. At this time, treat-to-target for osteoporo- 
sis is being investigated, with no consensus and 
no guidelines on the use of treatment targets in 
clinical practice. 


Duration of Osteoporosis Therapy 

Few medical issues in the field of skeletal health 
have generated as much controversy, discussion, 
and confusion as the duration of treatment of 
osteoporosis. The question of “how long to treat?” 
is not often raised in association with other 
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chronic asymptomatic disorders, such as hyper- 
tension and hypercholesterolemia. However, with 
osteoporosis, rare but disturbing bone-related 
occurrences (e.g., osteonecrosis of the jaw, atypi- 
cal femur fractures) associated with long-term 
therapy have received a great deal of attention in 
scientific journals and news media, resulting in 
some patients stopping medication of their own 
accord and some being told to stop by their physi- 
cians. The concept of bisphosphonate holidays 
has emerged because this class of drugs has a long 
skeletal half-life, with discontinuation after years 
of therapy followed by persistence of antiresorp- 
tive effect for an undetermined period of time. 
The anti-fracture benefit may also persist, at least 
in low-risk patients, for a period of time, while the 
risk of some adverse events associated with long- 
term therapy, such as AFF, may rapidly diminish. 

The management of drug holidays is addressed 
in detail in another chapter. It is important for cli- 
nicians to recognize that the levels of evidence 
for beginning and ending a bisphosphonate holi- 
day are low. Decisions regarding drug holidays 
should be individualized according to the balance 
of expected benefits and potential risks of therapy 
(Table 22.1), with consideration of all available 
clinical information. 


Conclusion 

The long-term management of osteoporosis is 
most likely to be successful when a compassion- 
ate knowledgeable physician and a well-informed 
motivated patient collaborate to develop a treat- 
ment plan that is medically sound and acceptable 
to the patient. The evaluation of osteoporosis 
includes assessment of fracture risk and investiga- 
tion for secondary causes of osteoporosis. 
Nonpharmacological management includes atten- 
tion to maintaining a healthy lifestyle, good nutri- 
tion, preventing falls, and avoiding drugs that 
have harmful skeletal effects. Selection of the ini- 
tial drug for osteoporosis therapy, the duration of 
therapy, and changes in therapy should be indi- 
vidualized with consideration of the balance of 
benefits and risks for the patient. A drug holiday 
should be considered for patients who have 


received long-term bisphosphonate therapy and 
are no longer at high risk for fracture. Long-term 
adherence to therapy may be enhanced through 
regular contact with a healthcare professional. 
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This is an exciting time in the world of osteopo- 
rosis treatment with an increasing opportunity to 
individualize osteoporosis therapies for our 
patients based on efficacy, safety, and conve- 
nience and potential for adherence. However, 
there are also new challenges within long-term 
efficacy and safety as we are moving toward the 
possibility of “treat-to-target” algorithms. Firstly, 
the algorithms are not yet agreed upon [1,2]. Can 
the task be simplified so that clinicians can sim- 
ply look for certain target BMD? This could per- 
haps be a BMD threshold where patients would 
have been too healthy to be candidates for the 
clinical trials that were proof of efficacy or one 
that was shown in trials to separate at least partly 
between those who would benefit from an exten- 
sion of the treatment period and those who likely 
would not as in the alendronate FLEX study [3] 
or zoledronic acid HORIZON extension [4] . This 
could also be a ten-year fracture risk threshold 
such as FRAX [5] with the fracture risk threshold 
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being derived from a given health care system's 
willingness to treat. 

Our first step is to “target- to-treat” patients. 
Our first target is patients with fragility fracture 
who are at high risk for further fracture of which 
only a minority are being treated [6-8]. The 
development of system-wide interventions such 
as fracture liaison services is slowly helping us to 
better identify patients at need of intervention 
due to increased fracture risk. 

A patient with a fragility fracture has had a 
sentinel event which tells us that patient is at 
increased risk. But we also identify patients 
based on BMD and other clinical risk factors 
such as falls, medications, or conditions associ- 
ated with osteoporosis. 

We now recognize that bone strength is related 
to both bone quantity and bone quality. Newer 
measurement techniques such as trabecular bone 
score [9] or microindentation [10] as well as bone 
turnover markers may provide some insight into 
bone quality. Bone turnover markers may also pro- 
vide insight into rate of predicted BMD loss and 
do in themselves add to BMD and clinical risk fac- 
tors in predicting the risk of fractures [11]. 

There is increased recognition that osteoporo- 
sis is not perhaps best defined by DXA T score 
alone. We now recognize that osteoporosis is not 
only characterized by low bone density but also 
by microarchitectural deterioration of bone 
leading to decreased bone strength (NIH consen- 
sus conference [12]). Unfortunately payors 
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sometimes determine eligibility for an osteoporo- 
sis medication based only on decreased BMD. A 
recent US working group paper by Siris has rede- 
fined osteoporosis not only based on BMD but on 
FRAX and/or prevalent fragility fracture [12]. 

We want to prevent further fracture in our 
patients, recognizing the costs and loss of quality 
of life. However, fracture prevention is not sim- 
ply choosing the right medication. Some aspects 
of fracture prevention are not related to the skel- 
eton at all, but focus on maintaining muscle 
strength and body balance, hence reducing the 
risk of fall-related fractures. Thus despite popula- 
tions’ aging, the age-adjusted risk of hip frac- 
ture — the archetypal fall-related fracture — is 
decreasing in large parts of the world, probably 
less due to pharmaceutical intervention than to 
improvement in functional status, nutrition, and 
general health [13-15]. 

The recent few years have brought about new 
anabolic and antiresorptive drugs (see Chaps. 3 
and 4), some of which are in widespread clinical 
use at the time of writing while others are in 
phase II and phase II trials. In Chap. 10, Bouxsein 
discusses how antiresorptive therapies work by 
reducing bone turnover and by mineralizing old 
bone. In contrast, in the simplest terms, anabolics 
(please see Chap. 3) work by a different mecha- 
nism by stimulating the formation of new, young 
bone, while antiresorptive agents (Chap. 2) 
improve the strength of bone by keeping older 
bone tissue in service for longer, hence increas- 
ing the mean age of bone [16] where anabolics do 
the opposite. This has practical implications in 
terms of concern over the ultimate toughness of 
older bone tissue and monitoring issues because 
older bone is more highly mineralized than young 
bone, producing a slight negative bias against 
anabolics when monitoring by methods where 
mineral alone is the unit of currency, such as 
DXA. Antiresorptive agents differ in their resi- 
dence time in bone and reversibility (see Russell 
Chap. 2). 

Osteoporosis medications have both short- 
and long-term adverse events (AEs) [17]. Long- 
term adverse events usually have a low incidence 
and increase with duration of use of therapy. 
There may be an inflection point for rare long- 


term AEs such as atypical femoral fracture (AFF) 
and osteonecrosis of the jaw (ONJ). Also, ONJ 
may be preventable in some cases with use of 
antibiotics and primary closure (see Sedghizadeh 
Chap. 12). 

In patients at high risk of fractures due to 
osteoporosis, intervention with osteoporosis 
medications generally produces benefits that far 
outweigh what can be achieved by non- 
pharmaceutical means. On a group basis, these 
benefits strongly offset any known risks of side 
effects, though they can be devastating in the rare 
instances that they occur and it is hard for the 
patient and health provider to compare a real 
occurrence of ONJ or AFF with the less tangible 
benefit of having avoided major osteoporotic 
fractures. This is particularly challenging as all 
patients will not be at equal risk of these events, 
with the risk of ONJ, for example, far larger in 
patients with poor dental status or ill-fitting den- 
tures who have an invasive dental procedure such 
as dental extraction and the risk of AFF being 
influenced by baseline characteristics such as 
race and femur geometry. 

Although side effects such as ONJ and AFF 
are rare, they are of great concern to our patients 
based on the bias of media coverage to publicize 
new findings about risk more than established 
benefit. Our patients do a risk benefit analysis 
where they may often weigh risks higher than 
benefits, making it harder to convince patients to 
start osteoporosis therapies and to continue them. 
Concerns over certain salient side effects such as 
ONJ and AFF have led some patients to believe 
that all osteoporosis medications are unsafe and 
should be avoided, resulting in both primary and 
secondary nonadherence (see Chap. 17), an 
example of categorical bias. 

Clearly the best we can strive for is for drugs 
to provide high efficacy and a solid margin of 
safety. Hence, properties of the ideal osteoporo- 
sis drug would include not only efficacy but 
understanding of mode of action, excellent short- 
and long-term safety, simple monitoring, excel- 
lent tolerance, low cost, and small environmental 
footprint. 

The major thrust of this book has been to help 
clinicians understand the safety and duration of 
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use of osteoporosis therapies. We tried to provide 
in-depth current understanding of both general 
safety concerns (see McClung Chap. 20) as well 
as medication and disease- specific adverse events 
seen with antiresorptives such as ONJ (see Chaps. 
12-14) and AFFs (see Chaps. 6-11) by discuss- 
ing epidemiology, pathophysiology, and treat- 
ment. Although, newer anabolic agents may 
avoid some of the long-term AEs such as AFF 
and ONJ, they may present with newer AE con- 
cerns such as osteosarcoma. But there are also 
clear concerns with long-term use of anabolics 
that follow directly from their mechanism of 
effect. Will patients be at risk of excessive bone 
growth, expanding bone size, foraminal closing, 
nerve entrapment, and even neoplasms, skeletal 
or nonskeletal? These issues also need to be 
resolved before we can arrive at a strong, coher- 
ent long-term management strategy for osteopo- 
rosis treatment. 

We hope that this book will become a step 
toward better understanding of safety issues 
allowing patients to make better informed deci- 
sions about osteoporosis therapies with their 
health-care providers. This book was written to 
give the perspective not only of the clinician but 
that of regulatory agencies who oversee safety 
(see Papaioannou Chap. 21). There is no sugges- 
tion of increased mortality with osteoporosis 
medications (see Chap. 19) — indeed observa- 
tional studies and one intervention study have 
found a reduction in mortality in patients who are 
treated with bisphosphonates. 

Osteoporosis treatment is different than many 
medical conditions because everyone can be 
treated using the same dose despite the differ- 
ences in the size of the skeleton and the body 
between individuals. In other therapeutic fields, 
doses of medications are often reduced for Asian 
populations. Have we been oversimplifying dos- 
age requirements because we learned from 
bisphosphonates that the main concern is making 
sure the dose is large enough for a large person, 
as the skeleton is capable then of auto-dosing 
with the kidneys quickly clearing any bisphos- 
phonate that is in excess of what can be stored in 
the skeleton? 


Some medications such as denosumab or 
estrogen are reversible, so we need to continue 
them indefinitely until we begin a maintenance 
therapy. Bisphosphonates are associated with 
certain AES such as AFFs which although rare 
may have an inflection point in their incidence 
after 5 years [18]. This combined with known 
long-term residence in bone has led us to the con- 
cept of a bisphosphonate holiday (see Chap. 16) 
with alendronate and risedronate after 5 years. 
However, though based on relatively short-term 
data, the risk of rare events such as AFF has been 
reported to disappear within three years of cessa- 
tion, suggesting that we could then perhaps con- 
sider restarting bisphosphonate therapy. However, 
in some individuals at high risk such as low BMD 
or fracture while on therapy, a holiday may not be 
the best choice (see Chap. 16). 

We do not know as yet how best to monitor a 
holiday. There is a lack of clinical evidence, but 
from the point of the clinician, however, bone 
loss and incident fracture should be reasons to at 
least reevaluate the holiday and do a reappraisal 
of the likelihood that restarting osteoporosis 
treatment would confer an overall benefit to the 
patient. 

How do we judge the response to therapy? A 
change in BMD is an imperfect measure of the 
reduction in risk, and the BMD attained after 
treatment may translate to a different (probably 
lower) risk than estimated with FRAX and other 
tools, especially for drugs that have a long transit 
time in bone and have residual effect after paus- 
ing. As discussed in Chap. 4, while FRAX can be 
useful even when used in patients on some forms 
of osteoporosis treatment, a reduction in FRAX 
score itself is generally not an appropriate target 
for goal-directed therapy. Hence, we need tools 
that can extrapolate from change in readily avail- 
able clinical parameters such as BMD or bone 
turnover on a given drug to the reduction in the 
risk of fractures before goal-directed treatments 
would be realistically available to patients. A tar- 
get algorithm has challenges as antiresorptive 
drugs are not simply BMD modifiers but drugs 
that act by reducing bone remodeling. The filling 
of the remodeling space results in a BMD change 
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that can be measured, but which varies between 
anatomic sites, and a reduction in the number of 
stress risers on the bone surfaces, which is diffi- 
cult to measure in vivo even with advanced radi- 
ology techniques and which we may have to 
approximate using (global) biochemical markers. 
There is a need for better communication to 
patients (and better tools for doctors) about risks 
with medication as we move toward shared 
decision-making and as our patients rely more 
heavily on the Internet for information. 

It is beyond dispute that some patients fail to 
respond adequately [19-21] to an osteoporosis 
drug even if they adhere fully to treatment or 
more appropriately that some drugs fail to achieve 
the level of protection against fracture that could 
reasonably be expected based on clinical experi- 
ence and clinical trials. Diez Perez, in Chap. 5, 
discusses proposed IOF nonresponder criteria. 
Treatment failure criteria need to be refined fur- 
ther and be based on evidence rather than expert 
opinion and clinical experience alone. After all, 
patients who sustain many fractures despite being 
treated with what is generally a good and effec- 
tive osteoporosis drug may have been at an 
exceptionally high base risk of fracture due to 
comorbid conditions, perhaps recurrent falls, and 
have responded with a large risk reduction, yet 
still remain at high immediate fracture risk com- 
pared with most other patients. But it is difficult 
for clinicians to determine if the patient simply 
failed to respond — so maintained their base 
risk — or if they reduced a base risk that was sim- 
ply very high indeed. Goal-directed therapy 
encompasses this issue and also recognizes that 
severe disease may need therapies that are more 
potent than milder cases. 

Does the use of osteoporosis medications 
affect fracture healing? When should we start 
osteoporosis medication in a patient with fragil- 
ity fracture? Bukata and colleague discuss the 
impact of osteoporosis medication on fracture 
healing in Chap. 18. In general, the use of osteo- 
porosis medications does not delay fracture heal- 
ing; although there is some concern that when we 
give an antiresorptive therapy within the first 2 
weeks after fracture, particularly an IV therapy 
such as zoledronic acid which is only given 


yearly, all the medication goes to the fracture site, 
and little goes to other skeletal sites. There is the 
potential that our anabolic medications may be 
helpful in patients with delayed fracture healing. 

We conclude that the first 25 years of wide- 
spread clinical use of specific osteoporosis drugs 
have left us with the challenge to develop a coher- 
ent evidence-based strategy not for deciding 
whether to treat or not but for deciding when to 
stop, change, or reinitiate osteoporosis treatment 
and how to monitor the response to such changes 
in the individual patient. The area is challenging. 
There is a lack of strong clinical evidence sup- 
porting drug holidays, but there is almost as little 
evidence supporting long-term treatment, hence 
such decisions are currently based more on per- 
sonal experiences, preferences, hope, and fears 
than on rigorous science. With the coming of new 
potent anabolic and antiresorptive drugs, we are 
of course facing additional possibilities but also 
additional challenges in knowing when to change 
treatment to the new drugs and how they will per- 
form in a long-term scenario. 
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